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Abstract
The relationship between language and colour categorisation is explored testing the 
predictions of the linguistic relativity hypothesis. The basic colour terms of Turkish 
are investigated, with findings suggesting that the Berlin and Kay (1969) theory of 
universal colour term evolution might require further revisions. The maximum 
number allowed by the theory is exceeded by the Turkish colour term inventory, by 
an extra term in the blue region. This difference between Turkish and English is 
exploited to test the effects of linguistic categories on colour perception and 
cognition. Evidence is presented suggesting that some aspects of categorical colour 
perception may not be fixed and universal, but flexible and culture-specific. Perceived 
similarity of colours seems to be open to influence by a linguistic category boundary. 
The argument of flexibility is further investigated using a category learning paradigm. 
Evidence suggested that perceptual and cognitive effects of colour category 
boundaries might be acquired through laboratory training. Subjects judge colours to 
be different more accurately when they come from different categories acquired in 
training than when they are from the same category. Mechanisms, which may be 
responsible for such flexibility, are explored in relation to findings in the literature. It 
is argued that perception and cognition may not be distinguished from each other by 
clear-cut boundaries. Rather, and interaction between percepts and concepts may 
facilitate effects of language and learning on human colour categorisation.
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Chapter one
General Introduction: The Relativist -  Universalist Debate 
and Colour Categorisation
The relationship between language and thought is one that has long intrigued 
scientists. It is suggested by some researchers that ‘thinking’ can exist independently 
of language and other cultural and environmental factors, and is determined by a 
universal, ‘hardwired’ system of constraints. Others argue however, that the language 
one speaks influences mental processes, and thought processes such as perception and 
cognition can not be free of such influence. The present set of studies tries to 
contribute to research concerning such issues.
The domain of colour perception and cognition has been used in much of this 
research, as a measure of thought processes independent of language. The present 
thesis reports experimental work using two main approaches: cross-cultural study of 
colour perception and cognition; and the study of the effects of learning, specifically 
category learning, on colour perception and cognition.
The first chapter will seek to provide an overview of the basic concepts, arguments 
and developments in the field, and outline the rationale for the studies reported in the 
present thesis. In chapter two, evidence will be reviewed from Turkish, whose basic 
colour term inventory seems to present an exception to the rules o f colour language 
evolution that have been proposed by Berlin and Kay (1969). Chapter three will 
exploit these linguistic differences, and test for corresponding non-linguistic 
differences between speakers of Turkish and English. Chapter four will present 
evidence from a somewhat different approach: effects of linguistic colour categories 
simulated by experimental category learning, suggesting that colour perception may 
not be as fixed as most of empirical and theoretical developments in the field since 
late 1960’s tended to suggest. The final chapter will discuss the implications of the 
present work in relation to the debate in the field.
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Scientific and philosophical thinking in the early part of the twentieth century was 
characterised by a reaction to the “denigrating attitude toward unwritten languages 
that was fostered by the evolutionary view in the 19th century” (Kay and Kempton 
1984: 65). Anthropologists began to question the extent of differences in mental 
processes between the civilised and pre-literate societies. Boas, who has been 
described as the founder of modern anthropology (Lucy 1992), was one such scientist. 
He held that people from primitive cultures were capable of the same mental 
functions as those in civilised societies, and that the apparent differences between 
cultures were the result of a functional adaptation to the lifestyle imposed by each 
culture and geography (Boas 1965 [1911]). Boas’s student Sapir furthered this 
argument through studying the diversity between languages.
Benjamin Lee Whorf, a student o f Sapir, would be the first to be associated with a 
theory of the relationship between language and thought (Brown and Lenneberg 1954; 
Lucy and Schweder 1979; Kay and Kempton 1984). Whorf (1956 [1940]) is 
considered to be the founder of the theory of “linguistic relativity”. Observing 
obvious differences between languages, Whorf proposed that different languages had 
different ways of “breaking down” nature, and suggested that the mental processes of 
speakers of a language had to be affected by this. He argued that rather than merely 
being a tool for voicing them, language shaped ideas. According to Whorf, “ .. .the 
world is presented in a kaleidoscopic flux of impressions which have to be organised 
in our minds... largely by the linguistic system in our minds” (Whorf 1956 [1940]: 
212). Whorf is associated with the formalisation of the Linguistic Relativity 
Hypothesis (LRH), arguing that the language we speak as we acquire information 
about the world, helps organise the nature and the meaning of this information. It is 
hypothesised therefore that different conceptual structures in mental processes can be 
found across different cultures, and that this is the result mainly of a linguistic “filter” .
Miller and McNeill (1969) suggested that there are three different hypotheses that can 
be studied to test the LRH. The strongest Whorfian claim is that language determines
LI. Language and thought
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thinking. A weaker form of the LRH predicts that perception is influenced by 
language. The weakest form of the Whorfian hypothesis predicts that higher level 
cognitive functions like memory would be affected by language. The two weaker 
forms of the LRH have been investigated especially in the second half of the twentieth 
century. The main domain, in which such investigations have taken place and 
continue to do so, is colour perception and cognition.
1.2. Colour language and categorisation
1.2.1. Colour language
At the start of the twentieth century it was known that there was variation between 
languages across different cultures in their colour terms (Rivers 1901, Woodworth 
1910). The prevalent view in the early part of the century was that languages 
partitioned and encoded colour space on an arbitrary basis (Ray 1952; Gleason 1961). 
This view of cultural relativism was consistent with the LRH, which proposed at the 
extreme that language affects thought (colour perception and cognition), and not the 
other way round. And so, a prediction of the LRH was that languages vary “without 
constraint” in the way they encode colour space (Kay and Kempton, 1984). One line 
o f research aiming to test the LRH was aimed at investigating the extent to which 
such variation existed, and whether it followed any rules.
If variation exists, then the main premise of the LRH, that language affects thought, 
could also be tested using the colour domain. Behavioural measures of colour 
perception and cognition independent o f language provide an opportunity to test the 
predictions of the LRH. If  language influences thought, then the way it partitions 
colour space should correspond to the categorisation of colour in perception and 
cognition.
1.2.2. Colour categorisation
Humans are capable of experiencing a wide range of discriminable events and objects 
in the world. However, the complexity of the environment would be overwhelming if
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each particular instance of such a wide array of experiences was to be responded to as 
unique. Instead, discriminably different things that are in some way related are 
grouped together, and are responded to as equivalent (Bruner, Goodnow, and Austin, 
1956). This process is called categorisation.
There are a number of benefits of categorisation. One such benefit is already 
described in the above definition: reducing the complexity o f the environment. 
Humans can discriminate between over 7 million colours (Zeki, 1993). Responding to 
each instance of this huge array as unique would be highly inefficient. Instead, the 
colour spectrum is segmented into distinct groups of hues, often using labels such as 
“red” or “turquoise”, and members of a given group are treated as equivalent. 
Responding to discriminably different objects in terms of their category membership 
enables people to learn, and respond to category members much more efficiently and 
easily. Further, categorising objects is the way in which people recognise things. 
Seeing a pattern, and recognising its properties that identify it as a member of the 
category bird is easier than having to recognise each separate instance of a bird. As a 
consequence, the degree of learning that is necessary in order to survive in the 
environment is reduced significantly.
One important property of colour categories is that they are examples of natural 
categories (Rosch, 1975). According to the prototype theory of natural categories, the 
membership o f an object to a category can be “graded”. Some objects are better 
representatives of the category ‘ideal’ than others. The prototype theory has found 
support in particular from the work of Rosch and her colleagues (Rosch and Mervis, 
1975; Rosch, Mervis, Gray. Johnson and Boyes-Braem, 1976). According to this 
theory, an object is perceived as a member of a category or not, on the basis of how 
much it resembles a “best exemplar”, or prototype. The prototype exists in the mind 
as a representation of the ideal instance of a concept or category, formed through 
abstraction from a series of exemplars of the category. In colour categorisation, focal 
colours (“a good red”) are prototypical members of categories, and they differ from 
non-focal colours on linguistic and behavioural measures (Heider, 1971; Heider,
1972; Mervis and Roth, 1981; Boynton and Olson, 1987). The prototypical nature of 
colour categories has led to the development of important theories (e.g. Kay and
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McDaniel, 1978) and empirical studies (e.g. Heider, 1971) that contributed to the 
linguistic relativity debate.
The next section provides a summary of basic concepts in two main areas, which 
contribute to the theories and arguments in the field of colour research. Information 
from such areas and the categorical nature of colour perception and cognition made it 
possible to test the LRH particularly through investigations of colour categorisation 
across different cultures. The present thesis continues in the tradition of colour 
categorisation research, testing the LRH with cross-linguistic data, and with a new 
approach using a perceptual learning paradigm (category learning).
1.3. Basic concepts
1.3.1. Colour vision1
The system responsible for colour vision starts, at the lowest level, with 
photoreceptors absorbing quanta of light and causing an electrochemical reaction that 
eventually reaches the primary visual cortex. Three types of photo receptors, cones. 
responsible for chromatic vision in bright light conditions, have different absorption 
sensitivity for different wavelengths translate the chromatic structure of light entering 
the retina and into a message to be processed by later stages of the visual system. This 
three-pigment process (trichromacy) is one of the few aspects of colour vision that are 
not questioned, although the involvement of rods (brightness detectors especially in 
dim light [scotopic] conditions) is also evident in colour vision (Abramov 1997).
Later stages of colour vision however, are less clearly defined. Reacting to the 
simplistic interpretation of trichromacy as being directly responsible for the percepts 
of red, green, and blue, Hering (1964 [1920]) proposed a more elaborate model: 
opponent processing theory. He observed that while a hue sensation like ‘aqua’ (blue- 
green) could be described as a mixture of blue and green, yellow was a fundamental 
sensation that could not be broken down into the components of red and green. He 
suggested that there were four such primary, or fundamental, hue sensations: RED, 
GREEN, BLUE, and YELLOW, plus two achromatic colour percepts, BLACK and WHITE.
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While it was possible to experience a mixture of certain pairs of primaries, like BLUE 
and g r e e n  (aqua) and RED and YELLOW (orange), other combinations like RED and 
GREEN or b l u e  and y e l l o w  were not possible. Hering suggested that this could only 
be explained if the opposite ends of a single antagonistic mechanism signal the 
sensation of two primaries that can not be experienced as a mixture. The opponent 
processing theory of colour vision therefore predicts the existence of a single process 
which signals either RED or GREEN but not the two at the same time.
Psychophysical evidence supporting Hering’s conjecture was found by Hurvich and 
Jameson (1957). They used a procedure where subjects adjusted the intensity of one 
coloured light until the hue of another light was not perceived anymore. They found 
that pairs of hues corresponding to Hering’s opponent primaries “cancelled” each 
other when they were presented simultaneously. Such pairs of colours could not exist 
at the same time. Further, if a subject looks at a colour, say RED, for a short while and 
then looks at a neutral surface, an after image is experienced which turns out to be the 
hue that is opponent to r e d , a bluish g r e e n  (Zeki 1993).
The opponent processing theory gained compelling support from subsequent 
physiological findings. Cells in the lateral geniculate nucleus (LGN) of the macaque 
monkey, showing characteristics of opponent processing of colour, were identified 
(De Valois, Abramov, and Jacobs 1966; De Valois and Jacobs 1968; De Valois & De 
Valois 1975). It was argued upon the discovery o f such cells that since the peak 
inhibitory and excitatory activity in these cells corresponded to the Hering primaries, 
such cells in the LGN must be directly related to the perception of the six ‘elemental’ 
colours (De Valois and Jacobs 1968: 538).
However, subsequent findings showed that such a direct relationship between 
perception and cells in the LGN was too simple. One major problem with the LGN 
findings as evidence for universal colour perception is that the opponent end points of 
such cells do not quite correspond to the Hering-Hurvich-Jameson primaries, RED, 
GREEN, BLUE, and YELLOW. Instead, the wavelengths that cause peak activity in these 
cells correspond to “cherry (bright red), chartreuse (greenish yellow), teal (greenish 
blue), and violet (deep purple)” (Jameson and D ’Andrade 1997). It is also reported
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that the crossover points (points where the two hues cancel each other out) of 
individual cells in the LGN showed considerable variation (Boynton, 1979). Further, 
Zeki (1983, 1993) reports that colour opponency and wavelength opponency are not 
the same thing. Using the well-known phenomenon of colour constancy, he points out 
that the after image of a Mondrian surface that looks GREEN although it reflects more 
long-wave than middle-wave light due to colour constancy, will still be RED. If the 
perception of colour was the result of a direct involvement of wavelength-selective 
cells such as those discovered by De Valois et al. (1966) then the after image should 
be GREEN, since such cells would be excited by the long-wave light reflected from the 
surface. Zeki (1993) also argues that if wavelength-opponent cells in LGN were 
directly responsible for colour processing, there would be no need for further 
mechanisms in the visual cortex showing characteristics of functional specialisation 
for colour, such as area V4.
It seems therefore, that Hering’s introspective observation that certain colours were 
experienced mutually exclusively could not have been a direct result of opponent cells 
discovered in the LGN. This forced researchers to develop more sophisticated 
multistage models of opponent colour processing (De Valois and De Valois 1993), 
although such models are based on theoretical conjecture beyond cells that have 
already been identified, and still need to be supported by physiological substrates. It is 
now generally accepted that colour processing in the human visual system must take 
place across different physiological localities, and that this process is more 
complicated than was supposed upon findings by De Valois and colleagues. For 
example Zeki (1993) suggests that area V4 in the visual cortex may possibly be the 
comparison site, proposed in Land’s (1974) retinex theory, responsible for gathering 
lightness and wavelength information from large parts of the visual field, and 
processing this information before colour is experienced.
In short, there seems to be marked complexity and uncertainty surrounding the 
physiological mechanisms responsible for colour processing. Thus, theoretical 
accounts of colour linguistics such as that by Kay and McDaniel (1978 -  see section 
1.4.4) resting on the premise that wavelength-selective opponent cells in LGN
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correspond to the basis o f “hue mechanisms”, have been criticised (Abramov and 
Gordon 1994; Abramov 1997).
1.3.2. Categorical perception2
The colour spectrum is a continuum of wavelength of visible light. However, it is 
perceived as discrete groups, or segments of hues (Bornstein, 1987). This kind of 
perceptual segmentation of physical continua of many discriminably different stimuli 
into a smaller number of classes is called categorical perception (CP).
One consequence of CP is also the main operational tool used in the present thesis. 
Discrimination between two stimuli along a given dimension is more accurate when 
they come from different categories than when they belong to the same category even 
when distances between two types of comparison are equal (Harnad 1987). The 
definition of CP effects as it will be used in the present thesis can hence be formulated 
as follows.
d d d
A l M ► A2 < ► B2 M ► Bl
Where, Al and A2 belong to category A, and B 1 and B2 belong to category B, 
discrimination will be better for the pair A2-B2 than for either A1-A2, or B2-B1. Note 
that the distance d  is equal for all three differences, and it may refer to distances in 
perceptually uniform spaces or physical distances (e.g. wavelength, stimulus size in 
mm., etc.).
Categorical perception effects have been best demonstrated for speech phoneme 
categories. Liberman et al. (1957) asked subjects to perform an AB-X matching task 
(“is X the same as A or B?”) for speech stimuli varying along a continuum between 
the bilabial stop consonant-vowel combinations Ibel and /del. Observers showed 
better performance when A and B belonged to different phoneme categories (Ibel vs. 
Idel) than when they belonged to the same category (both Ibel or both I del). Although 
CP was initially thought to be unique for speech stimuli (Liberman et al. 1957), such 
effects have also been demonstrated for other perceptual phenomena such as the
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perception of facial expressions (e.g. Calder et al. 1996), and familiar faces (Beale 
and Keil 1995).
Colour perception has been particularly fruitful for demonstrations of CP effects. 
Bornstein and Korda (1984), seeking to replicate findings in a speech perception 
paradigm (Pisoni and Tash 1974) showed that discrimination of hues were faster 
across categories than within. A comparable finding came from Boynton et al. (1989) 
who demonstrated similar boundary effects for colour memory. Their subjects showed 
better delayed same-different performance for colours from different categories, than 
those from the same category, although both types of pairs of colours were 
perceptually equally spaced, as defined by distance in OSA.
There is evidence that some CP effects may be innate rather than learned. Four- 
month-old infants show CP effects for speech sounds (Eimas et al. 1971). Even some 
animal species show CP effects for sound (Kuhl and Miller 1978). However, CP 
effects across a phonetic boundary depend on whether the native language of an 
individual possesses that phonetic category (Foreit, 1977 in Harnad 1987: 109). 
Further, CP effects are shown for familiar faces but not for unfamiliar ones (Beale & 
Keil 1995), suggesting that extensive exposure to stimuli leads to increased sensitivity 
across a category boundary. Categorical perception effects can be induced through 
experience and training (Lively e ta l  1993, Goldstone, 1994a, Livingston e ta l 1998).
Several psychophysical models have been proposed as an account of categorical 
perception. While early conceptualisations involved the re-coding of a continuum of 
physical stimuli into discrete and absolute categories of perceptual responses, more 
recently it has been argued that CP involves increased sensitivity for boundary stimuli 
along a continuum of perceptual responses (Pastore 1987). In the light of most recent 
evidence, categorisation seems to have the influence of sensitising category-relevant 
dimensions, de-emphasising category-irrelevant variation, and selective sensitisation 
of relevant dimensions at the category boundary (Goldstone, 1998).
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1.4. A  brief history of major findings and theoretical developments 
concerning Linguistic Relativity
The history of colour research in the language-thought debate can be summarised in 
two main periods, separated by a shift of opinion following the seminal study of Brent 
Berlin and Paul Kay (1969).
1.4.1. Before Berlin and Kay (1969)
Researchers seeking to test the LRH looked for correlations between linguistic 
variables and non-linguistic cognition of colour. One such linguistic variable was 
“codability”. Brown suggested “a universal law relating referent codability to 
recognition (and perhaps other aspects of cognition) with each language having its 
own codability scores for given referents and the speakers of that language having 
corresponding recognition skills” (1976: 129). In a famous and pioneering study, 
Brown and Lenneberg (1954) found evidence for a link between codability of colour 
referents (measured by indices such as word-length, naming latency, inter-informer 
consistency) and recognition accuracy (correct identification of a colour stimulus 
from an array of stimuli in a delayed recognition task). Further, they found that this 
correlation was higher when the recognition task was harder (increased delay). 
Lenneberg and Roberts (1956) found support for a similar link between codability and 
recognition across different cultures: Zuni Indians of America whose language did not 
code YELLOW and o r a n g e  separately performed poorly on recognition o f these 
colours. However, Lenneberg (1961) found that when stimulus arrays consisting of 
desaturated colours were used, the codability-memorability link was not observed. 
Further, Burnham and Clark (1955) failed to replicate findings relating to the 
correlation between codability and colour recognition accuracy.
Lantz and Stefflre (1964) implemented the use of a different linguistic variable, 
“communication accuracy”. This measure was based on the ease and accuracy with 
which the description of an object could be communicated across speakers. Lantz and 
Stefflre (1964) found a strong correlation between communication accuracy and 
delayed recognition of colours for native English speakers. In another study Stefflre et 
al. (1966) reported similar findings for Spanish and Mayan speakers; a strong
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correlation was found between the communication accuracy and recognition scores o f 
a given language. Although such studies provide some evidence for relativity in 
colour memory, the measure of communication accuracy received some criticism due 
to the fact that it was prone to cultural influences rather than a pure linguistic variable 
(Brown 1976).
Although far from providing conclusive evidence, this early period of research testing 
the LRH set some theoretical and methodological standards in the field, particularly 
with its emphasis on colour memory. However, the findings of this period would be 
questioned strongly after the developments in the field that took place starting with 
the study by Berlin and Kay (1969).
1.4.2. The Berlin and Kay (1969) theory
The LRH predicts that languages vary without constraint in the way they 
conceptualise the world and everything in it (Kay and Kempton 1984). While early 
evidence suggested that colour terms did indeed show variation across languages 
(Rivers 1901; Ray 1952; Conklin 1955; Gleason 1961), by the end of 1960s the 
Chomskian school of thought suggesting the existence of universals in grammatical 
structures of languages was gaining strength (Chomsky 1968). Berlin and Kay (1969 
-  hereafter B&K), with their study on colour terms of a number of languages, 
contributed to this universalist Zeitgeist by finding evidence for much less variation in 
colour term inventories across many languages than supposed previously.
B&K brought about two important theoretical and methodological developments, 
which changed the way in which evidence from different languages was interpreted. 
First, they suggested that what was relevant to the debate was only the Basic Colour 
Terms (BCT) of a language, rather than all terms in it that denote Colour, as these 
would reliably be in the repertoire of most individuals of a language community. 
Second, the investigation of the focal points (foci) of the referents of BCTs, rather 
than the boundaries, would provide useful insight into patterns across languages, since
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greater variation was observed on the boundaries o f colour categories than on their 
foci.
BCTs were defined in terms of several criteria by B&K. They are simple -  their 
meaning could not be derived from constituent parts; their signification is not 
included in that of another term; their use is not restricted to describing a narrow 
range of objects; and they are psychologically salient. Although these criteria have 
been challenged by a number of scientists (Crawford 1982; Ratner 1989; Saunders 
and Van Brakel 1997 amongst others), Kay et al (1997) state that the original criteria 
for basicness were more a set of guidelines than a formal definition.
Berlin and Kay found that when BCTs of different languages were elicited from 
informants, there were compelling consistencies and similarities in the way languages 
coded colours. Furthermore, B&K showed that the best exemplars, or foci, of these 
categories also showed a great deal of similarity. They suggested that all BCTs were 
drawn from a set of just eleven universal colour terms, and their foci matched very 
well across languages. They also proposed a theory of “evolutionary structure”, 
suggesting that languages encoded these BCTs in an orderly way, following a 
hierarchy possibly based on perceptual physiology.
Figure 1.1 shows a hierarchical inventory of the B&K eleven universal BCTs. The 
figure indicates the “evolutionary” order in which languages were suggested to 
encode BCTs. A first-stage language in B&K theory would have two terms: b l a c k  
and WHITE. At stage two, the term for RED is encoded. The next stage sees the addition 
of either GREEN or YELLOW, and then whichever of GREEN or YELLOW was missing, 
and so on up to the theoretical maximum o f eleven universals. The synchronic 
implication and the observation reported by B&K of this hierarchy and the diachronic 
theory behind it, was that if a language has a term for, say BLUE, it should also have 
all the terms appearing prior to BLUE in the hierarchy.
1 2
The theory was based on new premises such as the BCTs and the emphasis on the foci 
of colour categories. However, the compelling evidence for colour-term patterns 
being so similar across cultures led to a new ‘mood5 emerging in the field. Proponents 
of this new direction went as far as suggesting a universal perceptual physiology 
being responsible for not only the way we categorise colours but for the way in which 
languages encode colour so similarly across cultures (Kay and McDaniel 1978). The 
study led to important theoretical developments as well as hundreds of studies both on 
linguistics of colour and colour cognition.
The B&K theory has been criticised methodologically and theoretically (for a review 
of criticisms, see Saunders and Van Brakel 1997), although its contribution to the 
field is widely acknowledged. Berlin and Kay together with colleagues revised their 
theory in later years (Kay 1975; Kay and McDaniel 1978; Kay, Berlin, and Merrifield 
1991, Kay, Berlin, Maffi, and Merrifield 1997). This was necessary in order to 
accommodate cross-linguistic data that was inconsistent with the 1969 theory, and to 
provide firmer links with human colour perception based on physiological evidence. 
They relaxed the hierarchical structure of their theory for example, to account for the 
‘early’ appearances of terms such as b r o w n  and GREY, calling such terms 
“wildcards”, and allowing them to appear anywhere in the order of language encoding 
(Kay, Berlin, and Merrifield 1991). The major development to their theory was by 
Kay and McDaniel (1978), which will be discussed in detail later in this chapter.
13
Nevertheless, the theoretical framework that B&K provided in 1969 led to some very 
important findings that have shifted the prevalent opinion on colour perception from 
Relativism to Universalism. It no longer seems that languages encode colour space in 
an arbitrary way, or “without constraint”, and instead there seem to be consistent 
patterns, although probably not as simple and clear-cut as B&K first proposed. 
However, the present thesis will argue for the possibility that the implications of the 
B&K findings may have been viewed to be more far-reaching than they really are. 
Examples of very strong claims made on the basis of their findings can frequently be 
found in the literature. For example, Uchikawa and Boynton (1987), saving for some 
problematic inconsistencies they report between the naming behaviour of speakers of 
English and Japanese, interpret their results “to imply a strong physiological basis for 
color sensation, one that is little influenced by genetic or cultural differences between 
Americans and Japanese” (pp. 1833). They conclude, on the basis of data from one 4- 
yr-old Japanese subject mainly consistent with the B&K propositions that “Perhaps 
culture has not yet had an opportunity to complicate the linguistic expression of her 
eleven categorically-distinct color sensations”.
The B&K study was associated with a methodological “revolution” particularly in the 
way the importance of basic colour terms and their best exemplars was emphasised. 
This led to operationally sound methods for cross-cultural research on colour 
cognition (but see Lucy 1997 for a view o f the use of basic colour terms as an over- 
simplistic and ethnocentric methodological weakness). One such series of studies 
came from Eleanor Rosch Heider in the early 1970s (Heider 1972, Heider & Olivier 
1972).
1.4.3. Focal colours and the Dani
It was reported by Heider (1970) that the language of a stone-age agricultural tribe the 
‘Dugum’ Dani from Indonesia had only two colour terms: mola ‘light/warm5 and mili 
‘dark/cool’. Rosch, in her well-known cross cultural studies (Heider 1972; Heider and 
Olivier 1972) exploited this large linguistic difference between the Dani language and 
English to test whether the Dani’s colour perception and cognition showed
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corresponding patterns. She compared colour memory performances of American and 
Dani subjects for focal and non-focal colours. Consistent with the views rapidly 
gaining strength at the time, she hypothesised that best examples (foci) o f the B&K 
basic colour categories were universally perceptually salient. And so, they should be 
remembered more easily than non-focal colours by the Dani as well as American 
subjects, although their language lacked most of these categories. The LRH on the 
other hand, predicts that the Dani should respond to the focal and inter-nominal areas 
o f such colour categories in an equivalent way. For example, whether a colour is a 
‘good’ GREEN (focal) or a bad GREEN (inter-nominal) should not have any influence 
on the Dani colour memory, since their language does not distinguish this category. 
Rosch employed a series of colour memory and naming tasks using colour stimuli 
selected from the Munsell colour-scaling system range (for a description of the 
Munsell system, see Wyszecki and Stiles 1967; Indow 1988), also used by Berlin and 
Kay (1969). Rosch found that although their language did not encode colour 
categories in the same way, the Dani’s colour memory performance was highly 
similar to that of Americans. The Dani found it easier to recognise the best examples 
of the eight chromatic B&K universal colour categories (RED, GREEN, YELLOW, BLUE, 
BROWN, PINK, PURPLE, and ORANGE) than they did colours that fell in the inter- 
nominal (boundary) regions. On a learning task, Rosch also reported that the Dani 
were better at learning new names (she used Dani kinship terms to teach her subjects 
as colour names) for categories which were formed around a universal focus (e.g. best 
example for RED) than they were for those formed around an exemplar from boundary 
regions. In the light of these findings, Rosch and other researchers (e.g. Kay and 
McDaniel 1978; Kay and Kempton 1984) proposed that it was the perceptual 
distinctiveness o f ‘universal foci’ that was responsible for the correlation between 
colour memory and codability/communication-accuracy found in earlier studies (e.g. 
Lantz and Stefflre 1964). The Dani evidence was consistent with the universal 
salience of focal colours, since their colour cognition reflected the existence of these 
foci although their language did not. It is important to note however, that although 
they performed differently for focal and non-focal colours, the Dani performance 
overall was much poorer than that of the American participants (Heider 1972: 17). 
This finding is consistent with Dani colour cognition being different to that of 
American speakers due to the lack of categorical distinctions in their language and
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culture. Such a suggestion is consistent with a weaker form of the linguistic relativity 
hypothesis, although Rosch’s findings are often interpreted as counter-evidence for 
the relativist position.
Arguably, the influence of Rosch Heider’s work with the Dani on the cross-cultural 
study of non-linguistic colour cognition is comparable to that of B&K on the study of 
colour lexicons of various languages. However, her work received considerable 
criticism over the years since it was carried out, particularly on methodological 
grounds. A number of researchers have questioned the validity of using abstract 
colour stimuli and colour memory paradigms to test a stone-age people (e.g. Saunders 
and Van Brakel 1997; Ratner 1989). Perhaps more importantly, Lucy and Schweder 
(1979) showed that there was evidence that Rosch’s findings were caused by the 
inherent properties of the stimulus array she used. They showed that what Rosch 
Heider classified as focal colours, were in fact easier to discriminate from among 
other colours in the array, and that this reflected a bias towards Rosch’s focal colours, 
which may have caused her findings. They constructed a randomly arranged stimulus 
set, to eliminate the discrimination bias for focal colours, by excluding colours in 
Rosch’s array that were frequently confused with other colours. They reported that 
using this array and Rosch Heider’s procedure on American subjects, the advantage 
for focal colours in a recognition task disappeared.
Doubts cast by Lucy and Schweder’s (1979) work on the validity of Rosch Heider’s 
conclusions were supported by some recent findings by Roberson et al (2000). They 
conducted several experiments involving colour cognition with speakers of Berinemo, 
another pre-literate people from Papua New Guinea whose language codes only five 
basic terms. They found that when Rosch’s stimulus array was used the results were 
similar to Rosch’s; focal colours were remembered more accurately. However, this 
advantage of focal over non-focal colours disappeared when they used the Lucy and 
Schweder (1979) array.
It is important to note that Lucy and Schweder’s findings have also been questioned. 
Garro (1986) reported that in attempting to replicate Lucy and Schweder’s findings 
using their stimulus array, she discovered that focality failed to predict memorability
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only if some form o f conversation was allowed during the ISI of the delayed matching 
task. She conjectured in interpreting her results that conversation as a form of 
interference may have affected the visual image more than the verbal description of 
the test stimulus and may have been responsible in eliminating the effects of focality 
as an indication of visual salience. Although this finding provided support for the 
Lucy and Schweder (1979) thesis that there was some degree of an inherent bias in 
discriminability in the Rosch Heider array, it questioned the validity of the argument 
that focality is not predictive of colour recognition. In a subsequent study, Lucy and 
Schweder (1988) tested Garro’s interpretations and found similar results, indicating 
therefore that focality may predict memorability under certain conditions. Ratner and 
McCarthy (1990) argue however, that this debate resulting from Garro’s critique of 
Lucy and Schweder’s work and their reply to her, lost sight of the central issue. They 
suggest that the ecological relevance of such stimuli as those used by Rosch Heider, 
Berlin and Kay, and Lucy and Schweder constitutes the real problem in eliciting the 
meaning of colour across different cultures (see also Lucy 1992, 1997).
Rosch Heider’s findings have been among the most influential in arguing for 
universal perceptual salience being responsible for the structure of colour language 
and cognition. Her work resulted in two main important developments. First, the idea 
that colour categories have a prototypical nature, which predicts effects o f ‘focality’ 
on linguistic and behavioural measures, triggered important theoretical and empirical 
work in the field. Second, her work with the Dani provided insight into the linguistic 
relativity debate, and paved the way for further cross-cultural research. Effects of 
focality were further investigated by Boynton and Olson (1987) who found that focal 
colours are named faster, and with more consensus and within-subject consistency 
than are non-focal colours. The prototype model o f colour categorisation also 
contributed to an important development of the Berlin and Kay theory, which is 
summarised in the next section.
1.4.4. The Kay and McDaniel (1978) theory
Evidence for consistent patterns of colour language evolution (B&K) and similar 
performance on colour cognition tasks across very different cultures (Heider 1972),
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along with accumulating physiological findings (see next section) led Kay and 
McDaniel to propose their theory o f colour term evolution based on universal 
perceptual physiology. Their theory made two main contributions to the debate. First, 
they proposed that physiological mechanisms were responsible for the similar and 
consistent patterns of colour term inventories observed across very different 
languages. Second, a combination of physiological mechanisms and fuzzy logic, 
consistent with the prototype theory of colour categorisation was used to propose a 
model of colour category evolution.
Kay and McDaniel (1978 -  hereafter K&MD) pointed out that the physiological 
evidence of the time suggested that there were six “fundamental neural response 
categories”, which corresponded to the colours o f Hering’s (1964 [1920]) opponent 
processing theory of colour vision: b l a c k -w h it e , r e d -g r e e n , and b l u e -y e l l o w .
The supporting physiological evidence came from such studies as those by Hurvich 
and Jameson (1957), De Valois, Abramov, and Jacobs (1966), De Valois and Jacobs 
(1968), and De Valois and De Valois (1975) -  see section 3.1 on colour vision.
K&MD based their theory on such findings and proposed that six fundamental neural 
responses (FNRs) were directly responsible for the perception and linguistic structure 
of what they called the ‘primary’ colours, BLACK, WHITE, RED, GREEN, YELLOW, and 
BLUE. According to them languages encoded these categories as the need for 
communication of concepts increased within a given culture. The prototypical nature 
of colour categories (Rosch 1975, Mervis and Roth, 1981) enabled them to propose a 
fuzzy set model for the development of basic colour categories. According to K&MD, 
categories developed as a result of various combinations of unions and intersections 
between FNRs.
Kay and McDaniel drew a distinction between two types of non-primary colour 
categories: composite and derived categories. Composite categories are the fuzzy 
UNION of two or more FNRs. So, if a  language has only one term referring to both the 
universal categories BLUE and g r e e n , say ‘GRUE’, this would be a composite category 
consisting of the UNION of these two FNR categories. The largest composite 
categories allowed by the theory are those found at the first stage of the B&K
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hierarchy: light/warm and dark/cool. The former is the union o f WHITE, r e d , and 
YELLOW, while the latter is the union of BLACK, g r e e n , and BLUE. Composite 
categories then decompose into the FNRs. So in the B&K hierarchy the second stage 
results from the breaking away o f the FNR RED from the light/warm composite. 
Derived categories are the fuzzy in t e r s e c t io n  of two FNRs. So, the derived category 
o r a n g e  would be the result o f a fuzzy intersection of the universals RED and YELLOW.
An implication of the K&MD theory is that fuzzy union and intersection 
combinations that are logically possible but not included in the 11 B&K universals 
might also occur. Parts of colour space are less consistently named (using BCTs) even 
by speakers of languages at the latest B&K stage of colour-term evolution, and these 
may eventually be encoded by such languages (Boynton 1997, Zollinger 1984). Kay 
et al (1991) add developments to the K&MD theory and limit the number of 
combinations of FNRs allowed by the theory to nine of the possible 63, on the basis 
of data on colour lexicons obtained over time. This modification still leaves room for 
categories that can be derived from certain FNR combinations not among the 11 
universals, such as ‘turquoise’ (fuzzy intersection of BLUE and GREEN) suggested by 
Zollinger (1984). Further, Russian, a late-stage language with 12 basic terms, has two 
basic terms in the BLUE region (Corbett and Morgan 1988; Davies and Corbett 1994; 
but see MacLaury, 1997 for a critical view). This finding is consistent with the 
emergence of BCTs not included in the 11 B&K universals, but consistent with the 
Kay and McDaniel model. The present thesis provides evidence supporting this idea 
from Turkish with 12 terms contending for basic status, also with an extra term for 
BLUE.
The K&MD theory and its modifications (Kay, Berlin and Merrifield, 1991) suffer 
mostly from the current empirical evidence on colour vision and colour processing in 
the brain. As noted in section 1.3.1, interpretation of the evidence relating to the 
existence of opponent cells in the LGN of the macaque monkey which led K&MD to 
propose their theory proved to be somewhat pre-mature. The current state of affairs in 
the field of physiology of colour vision points to a system more complicated than it 
seemed at the time that K&MD proposed their theory (De Valois and De Valois 1993, 
Zeki, 1993, Abramov 1997). Although the K&MD theory provides a useful
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framework for colour term evolution, particularly with its account of derived term 
emergence based on the principles of fuzzy logic, support for its strong claims for the 
physiological basis of primary colour categories, or FNRs are far from conclusive.
1.5. Categorical perception of colour
As noted earlier, colour perception is categorical. The spectrum of light varying 
continuously in wavelength is not perceived as a smooth continuum of gradually 
changing hue, but rather as a series of discrete hue categories. Further, observers can 
describe the whole of the spectrum in terms of only four ‘unique’, or ‘elemental’ 
colours: r e d , g r e e n , BLUE and YELLOW (Sternheim and Boynton 1966; Fuld, Wooten 
and Whalen 1981; Wooten and Miller 1997). For example, the hue category ORANGE 
can be described as consisting of 50 per cent RED and 50 per cent YELLOW. Such 
evidence suggests that there is something “special” about these four hues, which 
constitute a “mutually contrastive” set, and are enough to describe every sensation of 
colour in terms of their different combinations (Bornstein 1987). The existence of 
four “elemental” hues has been accounted for by the theory of opponent processes 
(Wooten and Miller 1997), particularly because of evidence that opponent-processing 
cells exist in LGN whose maximal sensitivities correspond to these four hues (De 
Valois & De Valois 1975). However, as noted in section 1.3.1, more recent findings 
suggest that conclusions drawn from the early LGN studies were premature and the 
evidence for such direct physiological accounts is inconclusive (Jameson and 
D ’Andrade 1997).
Categorical perception effects are also found in colour memory and discrimination. 
Boynton et al. (1989) used a same-different task where perceptually equally spaced 
pairs of colours were presented successively with an ISI of 10s. They found that, 
accuracy was higher when stimulus pairs straddled category boundaries than when 
they were from the same category. Similar CP effects along the blue-green boundary 
were also found for reaction time on a same-different discrimination task with a 250 
ms. ISI (Bernstein and Korda, 1984). Subjects were faster in discriminating between 
cross-category colours than within-category colours. Bornstein and Korda (1984)
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proposed on the basis of these findings, that the processing of categorical information 
and the pure visual input must be parallel.
Such effects of categorisation on colour perception and cognition provide little insight 
into whether these effects are innate and universal, or whether they are acquired 
through learning, channelled by linguistic categories. Evidence supporting the 
Universalist claims was found in the study of infant colour perception. Using a 
habituation-dishabituation paradigm, Bornstein, Kessen and Weiskopf (1976) found 
CP effects in the form of superior cross-category discrimination than within for 
human infants as young as four months old. After habituating to a given colour, 
infants looked more at a novel stimulus if it came from a different adult colour 
category than if it came from the same category as the habituation stimulus, although 
both types of stimulus were physically (in wavelength terms) equally distant from the 
habituation stimulus. However, CP effects in colour memory and discrimination of 
adult observers such as those summarised above are found for perceptually rather than 
physically uniform stimuli. Gerhardstein et al (1999) equated distances between the 
test and the habituation stimuli perceptually (in Munsell space) rather than physically, 
and found no CP effects for infants of the same age. However, it is possible to argue 
that the category memberships of the stimulus colours used by Gerhardstein et al. 
(1999) are not sufficiently clear and may not be accurate. Thus, further infant studies 
with a similar methodological approach are still required. Taken at face value 
nonetheless, these findings suggest that along the physical continuum of light 
wavelength, infants’ colour perception shows similar categorical effects to that of 
adults, whilst there is scope for lifetime effects on the development of CP in 
perceptually uniform spaces.
Comparison of speakers o f different languages on CP effects has also provided mixed 
evidence. Comparing speakers of English and Tarahumara, a Uto-Aztecan language 
of Northern Mexico, on a triad task (“which of these three colours is the odd one 
out”), Kay and Kempton (1984) report a clear ‘Whorfian’ effect. Tarahumara does not 
code BLUE and GREEN separately, but instead it has a single basic term denoting both: 
siyoname -  a composite term in Kay and McDaniel’s theory. They found on the basis 
of their triad choices, that English speakers tended to exaggerate subjective distances
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between colours close to the blue-green boundary in comparison to Tarahumara 
speakers whose language does not distinguish between these two categories.
However, they argued that such an effect would not necessarily have to be a 
perceptual one. They point out that the triad task is open to ‘name strategies’, and that 
Whorfian effects would disappear if the use of name strategies was discouraged or 
prevented. An accordingly modified triad task carried out on American subjects 
supports this prediction. When name strategies were prevented or made redundant, 
Whorfian effects disappeared. The ‘naming strategy vs. perceptual effect’ argument 
and the conclusions drawn by Kay and Kempton will be discussed in more detail in 
the final chapter of this thesis.
Roberson et al (2000) provides comparable evidence on a similar triad task, in their 
work with the Berinemo (a pre-literate people from Papua New Guinea whose 
language codes only five basic terms) suggesting a clear influence of language. 
Furthermore, Davies et al. (1998) also compared the triadic judgements of speakers of 
English and Setswana, a Bantu language spoken in Botswana in southern Africa, 
which has only five BCTs (Davies et al. 1992). Exploiting the differences between 
English and Setswana in terms of boundary variations, Davies et al. (1998) found 
some small but significant ‘warping’ effects consistent with Linguistic Relativity, 
although triadic judgements were very similar between the two samples overall. 
Similarly, ‘colour-sorting’ behaviour also seems to differ between English and 
Setswana speakers in line with these findings (Davies and Corbett, 1997 -  see section
3.2.1). There is also evidence that Whorfian effects can be found in discrimination 
tasks. Davies et al (1996) compared English and Setswana speakers on same-different 
judgements along the blue-green boundary, which the latter does not encode.
Setswana has a single ‘composite’ term for BLUE and GREEN: botala. Davies et al 
found that while English speakers judged pairs of colours that straddled the blue- 
green boundary more accurately than those that did not, no such effects were found 
for Setswana speakers. Such language-specific boundary effects are also reported in 
studies of the Berinemo (see above) colour categories by Roberson et al (2000), using 
a 2-alternative-forced-choice paradigm.
To summarise, there is some evidence consistent with the suggestion that there may 
be linguistic influences on the perception and cognition of colour. The present thesis 
aims to further address this issue with a cross-cultural investigation, exploiting a 
linguistic difference between Turkish and English.
1.6. Category learning
A different approach to the study of colour categorisation is the investigation of the 
acquisition of CP effects in colour. The LRH would gain support, if the acquisition of 
new colour categories could be shown to affect the perception and cognition of 
colour. The possibility of modifying colour perception through environmental 
demands is a necessary condition of linguistic determinism.
Learning to form new concepts has been investigated for some time (Bruner, 
Goodnow and Austin, 1956; Reed, 1972; Nosofsky, 1986). Many concept learning 
studies used stimuli that varied along clear-cut dimensions, where subjects were not 
required to perceptually learn new dimensions or make finer discriminations 
(Goldstone, 1994a). More recently, evidence that such new perceptual skills are 
acquired through category learning has also been found. For example, Goldstone 
(1994a) found that learning to categorise stimuli on a perceptual dimension, such as 
size, brightness, or saturation, improves discrimination along that dimension. Further, 
Livingston et a l  (1998) report that perceptual category learning leads to ‘warping’ 
effects in subjects’ similarity space, as determined by subjective similarity 
judgements. Acquired categorical perception effects through exemplar learning are 
also found for checkerboard stimuli (McLaren, 1997).
Evidence that has accumulated in the past few decades from perceptual learning 
paradigms suggests that effects induced by category learning such as those mentioned 
above may involve low-level perceptual change (for reviews: Goldstone, 1998; 
Sowden, 1995; Sagi and Tanne, 1994). Goldstone (1998) argues that an organism’s 
perceptual system is capable of adapting to the demands of the environment, with 
relatively long-lasting changes. He outlines several mechanisms that perceptual 
learning can involve, including categorical perception. There is also evidence
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suggesting that category learning might be supported by cortical plasticity (Reber et 
al., 1998). An important research question that the present thesis aims to address is 
whether mechanisms suggested by Goldstone (1994a, 1998) may underlie categorical 
perception of colour. The use of a category learning paradigm is likely to provide 
insight into whether colour perception is modifiable as would be predicted by the 
LRH.
1.7. The present thesis
As mentioned briefly and will be elaborated in the next chapter, there is evidence 
suggesting that Berlin and Kay’s (1969) theory may need to be further revised to 
accommodate languages with more than 11 BCTs. In chapter two, findings from 
Turkish will be presented, suggesting the existence of a twelfth basic colour term, an 
extra term encoding the BLUE region (Ozgen and Davies, 1998). It will be argued that 
in the Kay and McDaniel (1978) theory, there is scope for the development of such a 
term, challenging the B&K proposal of a fixed number of (11) possible terms in their 
theory o f universal colour language.
The finding of an extra BCT provides an opportunity to test predictions of the LRH. 
In the third chapter, two experiments will investigate the influences o f the extra blue 
term in Turkish on the colour cognition and perception of its speakers. Evidence 
supporting the Linguistic Relativity Hypothesis will be presented; linguistic 
categories seem to influence the perception and cognition of colour.
Chapter four uses a category learning paradigm, borrowing some of its methods from 
Goldstone (1994a) and McLaren (1997), to investigate the plasticity of colour 
perception. Evidence will be presented, suggesting that categorical perception of 
colour might be acquired through experience in the laboratory. An idea consistent 
with the relativist position.
Finally, a discussion of the findings of the present thesis and their implications in 
relation to the existing literature is presented in Chapter five. The issue of whether the 
effects shown in the present thesis are due to perceptual processes or high-level
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labelling strategies is discussed. It is argued that at least some influence o f learning 
and linguistic categories on colour perception may be considered in addition to 
universal constraints.
1 For a detailed review of the physiology and psychophysics of colour vision see (among others) 
Boynton (1979, 1988), Abramov (1997).
2 For a detailed and comprehensive review on categorical perception see Hamad (1987).
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Chapter two 
Turkish Colour Terms1
2.1. Introduction
As summarised in Chapter one, Berlin and Kay (1969 -  B&K) found evidence for 
universal constraints on the extent of linguistic variation in the colour lexicons of 
languages across the world. Berlin and Kay’s observations led them to propose a 
theory of universal colour term evolution governed by perceptual constraints on where 
in the spectrum category foci can emerge. The theory was modified to account for 
subsequent findings and inter-disciplinary considerations (Kay and McDaniel, 1978; 
Kay, Berlin, and Merrifield, 1991). Findings from the study of colour lexicons across 
the world are on the whole consistent with the idea of universal constraints on how 
the colour spectrum can be partitioned2. However, evidence suggests that the aspect of 
the B&K theory concerning the maximum possible number of 11 BCTs (see section
1.4.2) may need re-evaluation. Such evidence will be reviewed below and new 
evidence will be presented in this chapter.
Kay and McDaniel (1978 -  hereafter K&MD) developed the B&K theory using a 
system of fuzzy logic rather than an all-or-none mechanism to describe colour 
category membership, consistent with the prototypical properties of natural categories 
(Rosch, 1973, 1975). They provided an account of the emergence of basic colour 
terms through fuzzy unions and intersections of FNR categories (see section 1.4.4). 
Implicit in the K&MD theory and its versions with further developments (Kay, Berlin 
and Merrifield, 1991), is that some fuzzy intersections other than the 11 B&K 
universals are also possible. For example, Zollinger (1984) argues that the space 
between BLUE and GREEN is wide enough to be encoded by the term turquoise, 
derived from the fuzzy intersection o f these two FNRs. Similarly, Boynton (1997) 
reviews evidence from colour-naming experiments suggesting that the focus of 
another emergent basic term is likely to occupy a region of colour space named with 
poor consensus and consistency using non-basic terms like peach or tan.
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Findings exist, which suggest that the blue region is also a likely location for the 
emergence of basic terms. Blue terms in certain languages show signs of acquiring 
basic status. For example, Bolton et al (1980): 317) report that, in Nepali, akashi ‘sky 
light blue’ was “the most commonly elicited secondary term”. Extra blue terms close 
to acquiring basic status are also found in other languages (Harkness, 1973; Bolton, 
1978; Kristol, 1980; Vincent 1983). However, the most compelling support comes 
from Russian, which has 12 BCTs, encoding the blue region with two basic terms 
distinguishing between light and dark blue (Corbett and Morgan, 1988; Davies and 
Corbett, 1994).
The Kay and McDaniel (1978) theory can account for the two Russian BCTs in the 
blue region as derived categories resulting from two possible fuzzy intersections. The 
extra blue term can either be the fuzzy intersection of BLUE and b l a c k , to give sinij 
‘dark blue’, or the intersection of WHITE and BLUE to give goluboj ‘light blue’ (Ozgen 
and Davies, 1998). However, so far Russian is the only case of a language with two 
established basic terms distinguishing light and dark blues.
Pilot work suggested that, in addition to a basic BLUE term mavi, Turkish encodes a 
category for darker blues, lacivert, with characteristics resembling those of BCTs. In 
the present chapter, behavioural measures are used to establish the basic colour terms 
of Turkish, particularly in order to investigate the claims o f this extra blue category 
for basic status. Finding support for a twelfth basic category would make two main 
contributions to the debate of linguistic relativity. First, the idea that basic terms other 
than the eleven universals are allowed by the K&MD theory, would find stronger 
support if languages in addition to Russian mentioned above can be shown to have 
such BCTs. This would constitute a further challenge to the maximum number of 
eleven BCTs proposed by B&K. Second, a linguistic difference between Turkish and 
English can be exploited in order to test predictions of the LRH. Several studies 
suggest that language has some influence on colour perceptual similarity, 
discrimination, and memory (Kay and Kempton, 1984; Davies, Marley, Ozgen & 
Sowden, 1996; Davies and Corbett, 1997; Davies and Corbett, 1998; Roberson, 
Davies and Davidoff, 2000). Further insight can be gained from comparisons of
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Turkish and English colour perception and cognition on the basis of any linguistic 
difference.
In the present chapter, two experiments aimed at eliciting Turkish BCTs will be 
presented, using the general methods of establishing psychological salience for colour 
terms proposed by Davies and Corbett (1995). A ‘list task’ is used in Experiment one 
aimed at eliciting the most readily available terms in the colour term inventory of 
Turkish speakers. Experiment two employs a colour-naming task providing measures 
of salience and consensus for the use of terms in describing colour stimuli. Different 
age groups and levels of education are compared using three samples of Turkish 
speakers: children (aged 8-14), university students and monolingual adults.
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2.2. Experiment one: colour term lists
2.2.1 Introduction
Experiment one uses a ‘list task’ where subjects were required to report as many 
colour names as they could think of. Basic terms are salient, and should be used by 
the majority of a language sample, and so should be offered frequently in the lists.
2.2.2 Method
Subjects
Three groups of Turkish speakers took part; the child group, the adult group and the 
student group. The child group consisted of 46 boys and 34 girls with an age range of 
8 to 14 years. There were 35 informants in the adult group,-18 men and 17 women, 
with an age range of 20 to 38 years. The student group consisted of 118 informants, 
36 men and 82 women, and the age range was 19 to 25 years.
All o f the children were monolingual Turkish speakers. Seventeen of the 35 subjects 
in the adult group were monolingual Turkish speakers, while 18 had some knowledge 
of English. All of the subjects in the student sample were from Bogazisi University in 
Istanbul. They were all native Turkish speakers but they all had some knowledge of 
English.
Procedure
The data were collected by the author, a native Turkish speaker, and all instructions 
were given in Turkish. The child and the student samples were tested in groups in 
classrooms or lecture theatres. The adult sample were tested individually. Informants 
were given a sheet of paper, and were asked to write down all the colour names they 
could think of. They were told they had five minutes to complete the task but most of 
them finished in less time.
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For the present analyses, modifiers such as agik ‘light’ and koyu ‘dark’ were ignored 
and terms were used in their simple form. The glosses used here are consistent with 
the Oxford Turkish Dictionary (Iz et al, 1992), and with the colour-naming data that 
will be reported in Experiment two.
Child lists.
The mean number of terms offered by the children was 10.9 and the range was from 
five to 16 terms. Table 2.1 shows the terms offered by at least 5% of the child sample 
(column 1), together with their English glosses (column 2). The terms are ordered by 
their frequency across the sample, as can be seen from column 3, which shows the 
percentage of respondents that offered each term. It can be seen that the six most 
frequent terms wereye.pl ‘green’, mavi ‘blue’, sari ‘yellow’, kirmizi ‘red’, beyaz 
‘white’, and siyah ‘black’. These six terms were all offered by over 90% of the sample 
and they are the Turkish tokens of the six universal primary categories. The Turkish 
tokens of for the three of the universal derived terms -  pembe ‘pink’, mor ‘purple’ and 
kahverengi ‘brown’ were the next most frequent terms, each offered by almost 75% of 
the sample. Turuncu ‘orange’ was the next most frequent term; it was given by half of 
the sample. However, there was a further term kavunigi that was given by about 40% 
of the sample that we have also glossed as ‘orange’. Of the children that offered at 
least one of these orange terms, only three offered both. This suggests that the two 
terms are alternatives for ORANGE. The final derived term, gri ‘grey’, appears in the 
thirteenth slot, and it was offered by about one third of the sample. After that, there is 
a relatively sharp drop in the frequency scores to the next term, bordo ‘claret’ with a 
score of less than 20%. The term that is of particular interest to the present study -  
lacivert ‘dark blue’ appears at position 11 in the rank order and was offered by about 
half the sample.
2.2.3. Results
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Table 2.1. Child list task (n = 80): terms offered in the list task by at least 
5% of the child sample, their English glosses, and the percentage o f 
respondents that offered each term
Term Gloss Percentage
ye§il green 100.00
mavi blue 98.75
sari yellow 98.75
kirmizi red 97.50
beyaz white 95.00
siyah black 91.25
pembe pink 82.50
mor purple 81.25
kahverengi brown 73.75
turuncu orange 50.00
lacivert dark blue 47.50
kavunifi orange 38.75
gri grey 33.75
bordo claret 18.75
eflatun lilac 17.50
yavruagzi peach 11.25
krem cream 10.00
turkuaz turquoise 6.25
bej taupe 5.00
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Table 2.2. Adult list task (n = 33): terms offered in the list task by at least 
5% of the adult sample, their English glosses, and the percentage of 
respondents that offered each term.
Term Gloss Percentage
kirmizi red 99.35
ye§il green 98.69
mavi blue 98.69
sari yellow 96.73
beyaz white 95.42
siyah black 95.42
mor purple 90.20
pembe pink 87.58
kahverengi brown 86.93
gri grey 83.66
turuncu orange 79.74
lacivert dark blue 72.55
bordo claret 49.02
eflatun lilac 45.10
bej taupe 43.14
turkuaz turquoise 37.25
krem cream 24.18
lila lilac 17.65
yavruagzi peach 13.07
kizil scarlet 12.42
fume smoke 11.76
somon salmon 11.76
haki khaki 10.46
kavunigi orange 9.15
nefti dark green 7.84
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Adult lists.
The pattern of results from the student and the adult samples was essentially the same, 
and therefore the data were combined and are summarised in Table 2.2 (the table is 
structured in the same way as for the child data in Table 2.1). As expected, the adults 
offered more terms on average than the children. The mean number of terms for adults 
was 14.2 (range: 7 to 23), compared to the children’s mean of 10.9.
The pattern of results from the adult data is very similar to that for the children. The 
six most frequent terms were all offered by over 95% of the sample, and they are the 
same terms as the six most frequent terms for children: kirmizi ‘red’, ye§il ‘green’, 
mavi ‘blue’, sari ‘yellow’, beyaz ‘white’, and siyah ‘black’. Kavunigi ‘orange’ is 
offered by just 9% of the adult sample with a rank of 24, whereas it was offered by 
almost 40% of the children. Apart from the latter difference, the next six terms for the 
adults match the seventh to twelfth terms for the children with some differences in 
rank order: mor ‘purple’, pembe ‘pink’, kahverengi ‘brown’, gri ‘grey’, turuncu 
‘orange’, and lacivert ‘dark blue’. The scores for the adults for the latter six terms are 
all over 70%, and they are generally higher than the equivalent scores for the children. 
There is then a relatively sharp drop in the scores down to about 50% for bordo 
‘claret’.
2.2.4. Discussion
For both children and adults, the six most frequently offered terms were the Turkish 
tokens of the six universal “primary” categories: ye§il ‘green’, mavi ‘blue’, sari 
‘yellow’, kirmizi ‘red’, beyaz ‘white’, siyah ‘black’. Lists from both age groups 
suggest that six derived terms in addition to the primaries are also basic: mor ‘purple’, 
pembe ‘pink’, kahverengi ‘brown’, gri ‘grey’, turuncu ‘orange’ and lacivert ‘dark 
blue’. These terms were offered by a considerably higher number of respondents than 
terms that followed them in the order of frequency in both samples. Although the term 
kavunigi ‘orange’ is also offered frequently by the children, turuncu was the dominant 
term for adults. The term of particular interest to the present study, lacivert ‘dark 
blue’, was offered as frequently as some other derived basic terms by both samples. It
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is nearly as frequent as turuncu ‘orange’ and more frequent than gri ‘grey’ for 
children. In the adult sample, lacivert ‘dark blue’ was close to turuncu in the 
frequency rank at about 72%. The findings are consistent with laciverf s claim for 
basic status.
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2.3. Experiment two: colour naming
2.3.1. Introduction
Experiment two uses a colour naming task, where subjects gave terms to describe 
each of a set of 65 colours representing the whole of colour space. An important 
measure of basicness is consensus; basic terms should be used with high levels of 
agreement by the majority of the speakers of a language to describe at least one (the 
best) exemplar of the referent category. Measures of salience and consensus are 
presented on the naming data from adults and children.
2.3.2 Method
Subjects
A subset of the child and adult samples from experiment one took part in colour 
naming. There were 17 children, 10 boys and seven girls whose ages ranged from 
eight to 14 years. The adults in this phase all came from the adult sample in 
Experiment one rather than from the student sample. There were 33 adults, 10 men 
and 17 women, with an age range of 18 to 40 years. Nine of the adults were 
monolingual Turkish speakers from Fethiye in southern Turkey, and the remainder of 
the sample were from a range of locations in Istanbul. All subjects had normal colour 
vision as assessed by the City University Color Vision Test (Fletcher 1980).
Stimuli
The stimuli used were those used in the general method for establishing BCTs 
proposed by Davies and Corbett (1995). The stimuli were 65 coloured “tiles,” 
measuring 50mm square, and 4mm thick. They were made of rigid wood covered 
with coloured paper selected from the Color-Aid Corporation range of colours. The 
colours formed an evenly spread sample of “colour space.” Table 2.3 shows the 
Color-Aid codes and CIE co-ordinates of the stimuli. The distribution of the 65 
colours in CIE uniform chromaticity space can be seen in Figure 2.1, along with the 
loci o f the 11 “universal” colour foci taken from Heider (1971). (Note that BLACK, 
WHITE, AND GREY have the same co-ordinates and are shown as a single data point
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labelled “achromatic.” They differ on the lightness dimension not shown in this 
graph.)
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Table 2.3. Color-Aid codes and CIE co-ordinates for the 65 tile colours
Color-Aid Code CIE co-ordinates
Y X y L* u’ v’
Y HUE 64.77 0.47 0.48 91.49 0.24 0.55
S2 16.99 0.41 0.44 52.81 0.22 0.53
YOY HUE 47.48 0.50 0.43 80.92 0.28 0.54
T4 55.63 0.45 0.41 86.18 0.26 0.53
S2 22.08 0.36 0.38 59.09 0.21 0.50
YO HUE 39.52 0.51 0.41 75.17 0.30 0.53
T3 47.02 0.48 0.41 80.61 0.28 0.53
S3 10.72 0.36 0.41 43.02 0.20 0.51
OYO HUE 26.51 0.54 0.37 63.81 0.34 0.52
0 HUE 25.00 0.54 0.37 62.26 0.34 0.52
SI 14.34 0.50 0.37 49.03 0.31 0.52
S3 9.15 0.42 0.36 39.98 0.26 0.50
ORO HUE 18.87 0.57 0.34 55.26 0.38 0.52
T3 36.88 0.46 0.35 73.09 0.29 0.50
S3 26.51 0.33 0.32 63.81 0.21 0.47
RO HUE 16.22 0.58 0.33 51.75 0.40 0.51
T3 32.66 0.45 0.32 69.56 0.30 0.48
S3 4.19 0.37 0.34 27.15 0.23 0.48
ROR HUE 15.23 0.53 0.31 50.35 0.37 0.49
T3 29.82 0.42 0.30 67.00 0.29 0.47
S3 20.71 0.34 0.28 57.50 0.24 0.44
R HUE 11.71 0.50 0.29 44.78 0.36 0.48
T4 24.34 0.40 0.27 61.57 0.29 0.45
S3 4.81 0.33 0.30 29.18 0.22 0.45
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Table 2.3 (continued)
RVR HUE 9.11 0.42 0.24 39.90 0.33 0.43
SI 12.79 0.35 0.25 46.60 0.26 0.42
S3 28.43 0.36 0.28 65.69 0.26 0.45
RV HUE 6.97 0.33 0.19 35.13 0.29 0.37
T2 14.51 0.31 0.19 49.28 0.27 0.37
VRV HUE 6.71 0.30 0.19 34.48 0.26 0.37
S3 28.42 0.36 0.28 65.68 0.26 0.45
V HUE 4.67 0.26 0.17 28.74 0.23 0.34
VBV HUE 4.13 0.24 0.17 26.94 0.21 0.34
T4 19.05 0.25 0.20 55.49 0.20 0.37
BV HUE 4.21 0.22 0.19 27.22 0.18 0.35
S2 7.88 0.25 0.26 37.26 0.18 0.42
BVB HUE 4.80 0.19 0.13 29.15 0.18 0.28
S3 26.65 0.26 0.23 63.95 0.20 0.40
B HUE 9.51 0.18 0.16 40.71 0.16 0.32
T1 19.02 0.20 0.19 55.45 0.16 0.35
BGB HUE 9.62 0.19 0.19 40.93 0.16 0.35
T3 23.08 0.20 0.23 60.21 0.15 0.39
BG HUE 8.93 0.20 0.25 39.53 0.14 0.40
T1 16.57 0.19 0.25 52.24 0.14 0.40
S2 7.42 0.21 0.26 36.21 0.15 0.41
GBG HUE 10.69 0.23 0.37 42.96 0.13 0.48
S2 20.79 0.20 0.25 57.60 0.14 0.40
G HUE 11.99 0.24 0.42 45.26 0.13 0.50
S3 6.10 0.26 0.33 32.91 0.16 0.46
GYG HUE 12.89 0.25 0.44 46.76 0.13 0.51
T4 31.14 0.26 0.41 68.21 0.14 0.50
SI 15.59 0.26 0.31 50.86 0.17 0.45
YG HUE 14.66 0.28 0.48 49.51 0.14 0.53
S3 5.78 0.30 0.34 32.04 0.19 0.47
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Table 2.3 (continued)
YGY HUE 18.92 0.30 0.51 55.32 0.14 0.54
S3 35.87 0.35 0.43 72.27 0.19 0.52
ROSE RED 17.63 0.41 0.24 53.66 0.32 0.43
SIENNA 13.31 0.44 0.36 47.43 0.27 0.50
WHITE 81.40 0.32 0.33 100.00 0.20 0.47
GRAY1 47.55 0.32 0.33 80.97 0.20 0.47
GRAY2 30.59 0.32 0.33 67.71 0.20 0.47
GRAY4 18.88 0.31 0.31 55.27 0.20 0.46
GRAY6 11.20 0.31 0.31 43.89 0.20 0.46
GRAY8 4.53 0.31 0.32 28.89 0.20 0.46
BLACK 3.59 0.34 0.33 24.98 0.22 0.47
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Figure 2.1. Loci of the tile colours and the universal foci in CIE (1976) 
uniform chromaticity space
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Procedure
Subjects were tested individually outdoors in light shade. They first completed the 
City University Color Vision Test, which took about three minutes. Then they were 
shown each of the 65 tiles in random order, on a neutral grey cloth, and asked in 
Turkish, “what do you call this colour?” The tile-naming task took about 20 minutes.
2.3.3. Results
Children
Table 2.4 shows the most frequent response to each of the 65 tiles and the percentage 
(%) with which it was given. The second most frequent term and its percentage are 
also shown, provided the term was given by more than one respondent. There were 
only 24 “don’t know” responses: the children used a colour term to name the tiles on 
1011 out of a possible 1040 occasions.
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T a b le  2 .5  s h o w s  th e  re s u lts  o f  v a r io u s  a n a ly s e s  o f  T a b le 2 .4  a im e d  a t  d is t in g u is h in g  
B C T s  f r o m  s e c o n d a ry  c o lo u r  te rm s . F ir s t ,  th e  o v e r a l l  f r e q u e n c y  w i t h  w h ic h  a  te rm  
w a s  u s e d  a c ro s s  t i le s  a n d  re s p o n d e n ts  is  c o n s id e re d  a n d  e x p re s s e d  as th e  p e rc e n ta g e  o f  
th e  to ta l  re s p o n s e s  ( 1 0 4 0 )  f o r  e a c h  te r m  ( c o lu m n  3 ) .  T h e  ta b le  is  o rd e re d  b y  th e  
f r e q u e n c y  o f  o c c u r re n c e  o f  th e  te rm s  s ta r t in g  w i t h  th e  m o s t  f r e q u e n t  te r m  yegil  ‘ g re e n ’ 
w i t h  a s c o re  o f  1 9 .5 % . T h e  13 m o s t  f r e q u e n t  te rm s  a re  th e  s a m e  as th e  13 m o s t  
f r e q u e n t  te rm s  o n  th e  l i s t  ta s k  ( T a b le  2 .1 ) .  ( N o te ,  h o w e v e r ,  th a t  kavunigi ‘ o ra n g e ’ , 
w h ic h  h a d  a h ig h  f r e q u e n c y  in  th e  l i s t  ta s k ,  has  a m u c h  lo w e r  f r e q u e n c y  in  th e  n a m in g  
ta s k ) .
T h e  e f fe c t iv e n e s s  o f  th e  f r e q u e n c y  m e a s u re  is  d e p e n d e n t u p o n  th e  p ro p e r t ie s  o f  th e  
p a r t ic u la r  se t o f  s t im u l i  u s e d . F o r  e x a m p le ,  w h i le  yegil ‘ g re e n ’ is  u s e d  in  n e a r ly  2 0 %  
o f  th e  t r ia ls ,  beyaz ‘ w h i t e ’ ha s  a  f r e q u e n c y  o f  1 .4 % . T h is  is  b e c a u s e  th e re  is  o n ly  o n e  
t i l e  th a t  is  l i k e ly  t o  e l ic i t  a  w h i t e  te rm ,  th e re  a re  17 t i le s  f o r  w h ic h yegil  ‘ g r e e n ’ is  a 
f r e q u e n t  te r m  (s e e  ta b le  2 .4 ) .  A n a ly s e s  o f  th e s e  d a ta  s h o u ld  th e re fo r e  r e ly  o n  m e a s u re s  
in d e p e n d e n t  o f  s u c h  re s t r ic t io n s .  T h e  m o s t  im p o r ta n t  re q u ire m e n t  f o r  b a s ic  s ta tu s  is  
th a t  a  te r m  s h o u ld  b e  u s e d  w i t h  c o n s e n s u s  t o  d e s c r ib e  a t le a s t o n e  e x e m p la r .  T a b le  2 .5  
s h o w s  a n u m b e r  o f  m e a s u re s  o f  co n s e n s u s . I n  c o lu m n  4 , th e  n u m b e r  o f  t i le s  f o r  w h ic h  
e a c h  te r m  w a s  th e  m o s t  f r e q u e n t  te r m  (rimf) a c ro s s  th e  16 re s p o n d e n ts  is  re p o r te d .
T h u s  f o r  in s ta n c e , ye§il ‘ g r e e n ’ w a s  th e  m o s t  f r e q u e n t  te r m  f o r  13 o u t  o f  th e  6 5  t i le s .  I t  
c a n  b e  see n  th a t  th e re  a re  ju s t  12  te rm s  th a t  a c h ie v e  th is  n m f  c r i t e r io n :  th e  T u r k is h  
to k e n s  o f  th e  11 “ u n iv e r s a ls , ”  a n d  lacivert ‘ d a r k  b lu e ’ .
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O n e  p r o b le m  w i t h  u s in g  th e  w w / in d e x  is  th a t  a  te r m  c a n  b e  th e  m o s t  f re q u e n t  
re s p o n s e  e v e n  th o u g h  i t  is  n o t  u s e d  b y  th e  m a jo r i t y  o f  th e  re s p o n d e n ts . T h is  c o u ld  
h a p p e n  w h e n  th e  c o n s e n s u s  a c ro s s  re s p o n d e n ts  is  lo w ,  a n d  s e v e ra l te rm s  a re  u s e d  to  
n a m e  a  t i le .  T h u s  s t r ic te r  m e a s u re s  o f  c o n s e n s u s  w e re  c o m p u te d ;  ‘ d o m in a n c e  in d ic e s ’ 
( D )  a re  s h o w n  in  c o lu m n s  f iv e  a n d  s ix  o f  T a b le  2 .5 . A  te r m  is  d o m in a n t  f o r  a 
p a r t ic u la r  t i le  i f  th e  p r o p o r t io n  o f  th e  s a m p le  u s in g  i t  e x c e e d s  a  g iv e n  th re s h o ld .  T h re e  
th re s h o ld s  a re  u s e d  h e re : 0 .5  in  c o lu m n  5 , 0 .7 5  in  c o lu m n  6 , a n d  0 .9  in  c o lu m n  7.
E a c h  D  c o lu m n  s h o w s  th e  n u m b e r  o f  t i le s  f o r  w h ic h  a te r m  w a s  d o m in a n t  a t a g iv e n  
le v e l.  T h e  p a t te rn  f o r  A ) . 5o ( c o lu m n  5 )  is  e s s e n t ia l ly  th e  s a m e  as s h o w n  b y  th e  n m f  
in d e x .  T h e re  a re  12 te rm s  th a t  a c h ie v e d  d o m in a n c e  in  th e  c h i ld  s a m p le  a t th e  0 .5  
le v e l:  th e  11 u n iv e rs a ls ,  a n d  lacivert ‘ d a r k  b lu e ’ , w h ic h  w a s  d o m in a n t  f o r  o n e  t i le .  
H o w e v e r ,  lacivert is  n o t  d o m in a n t  a t th e  0 .7 5  o r  0 .9  le v e l,  w h e re a s  th e  11 u n iv e rs a ls  
e a c h  h a v e  a t le a s t o n e  t i l e  f o r  w h ic h  i t  is  d o m in a n t  a t th e s e  le v e ls .
B a s ic  te rm s  s h o u ld  a ls o  b e  u s e d  w i t h  ‘ s p e c i f ic i t y ’ . T h e  re fe re n ts  o f  s a l ie n t  te rm s  u s e d  
w i t h  c o n s e n s u s  a n d  c o n s is te n c y  s h o u ld  b e  r e s t r ic te d  t o  a  s p e c if ic  r e g io n ,  r a th e r  th a n  
b e in g  u s e d  t o  d e s c r ib e  a ra n g e  o f  d i f f e r e n t  c o lo u rs  b y  s m a l l p r o p o r t io n s  o f  th e  
p o p u la t io n .  A  te r m  c o u ld  b e  dom inant f o r  a  p a r t ic u la r  t i le ,  a n d  c o u ld  b e  u s e d  
frequen tly , b u t  w i t h o u t  specificity. C o lu m n  7  o f  T a b le  2 .5  s h o w s  th e  s c o re s  f o r  e a c h  
te r m  o n  a s p e c i f ic i t y  in d e x  (S). S  f o r  a  g iv e n  te r m  is  th e  f r e q u e n c y  o f  u s e  o f  th a t  te r m  
s u m m e d  a c ro s s  th e  t i le ( s )  f o r  w h ic h  i t  w a s  d o m in a n t  (a t  D0.50), d iv id e d  b y  th e  to ta l 
n u m b e r  o f  t im e s  th a t  i t  w a s  u s e d  a c ro s s  a l l  6 5  t i le s .  T h u s  i f  a  te r m  w a s  u s e d  o n ly  t o  
n a m e  th e  t i l e  i t  w a s  d o m in a n t  f o r ,  i t  w o u ld  h a v e  a n  S  o f  o n e  ( th e  m a x im u m ) ,  w h e re a s  
th e  in d e x  w o u ld  te n d  to w a r d  z e ro  as th e  le v e l o f  in d is c r im in a te  u s e  in c re a s e d . I t  c a n  
b e  se e n  th a t  th e  n in e  m o s t  f r e q u e n t  te rm s  a l l  h a v e  v a lu e s  f o r  S  g re a te r  th a n  0 .8 . I n  
a d d i t io n ,  beyaz ‘ w h i t e ’ s c o re s  0 .8 , d e s p ite  its  lo w  o v e r a l l  f r e q u e n c y  (1 .9 % ) .  H o w e v e r ,  
th e  te r m  o f  m o s t in te re s t  to  th e  p re s e n t s tu d y  -  lacivert ‘ d a rk  b lu e ’ -  s c o re s  ju s t  0 .4 1 , 
th e  lo w e s t  s c o re  f o r  a te r m  w i t h  a n o n z e ro  d o m in a n c e  in d e x .  Sari ‘ y e l lo w ’ a ls o  has a  
r e la t iv e ly  lo w  s c o re  o f  0 .5 7 .
4 7
Adults
T h e  d e s c r ip t io n  a n d  a n a ly s is  o f  th e  a d u l t  d a ta  f o l l o w  th e  s a m e  f o r m a t  a n d  u s e  th e  
s a m e  in d ic e s  as th e  c h i ld  d a ta . T a b le  2 .6  s h o w s  th e  m o s t f r e q u e n t  re s p o n s e  t o  e a c h  o f  
th e  6 5  t i le s  a n d  th e  p e rc e n ta g e  ( % )  w i t h  w h ic h  i t  w a s  g iv e n ,  a lo n g  w i t h  th e  s e c o n d  
m o s t  f r e q u e n t  te r m  a n d  i t s  p e rc e n ta g e . T h e re  w e re  o n ly  4 3  o u t  o f  th e  2 1 4 5  ( 2 % )
“ d o n ’ t  k n o w ”  re s p o n s e s . F u r th e r ,  i t  c a n  b e  see n  th a t  th e  o v e r a l l  le v e l  o f  c o n s e n s u s  w a s  
h ig h :  5 7  o f  th e  6 5  t i le s  h a d  a  d o m in a n t  te r m  a t  th e  0 .7 5  le v e l.  H o w e v e r ,  th e s e  s c o re s  
a re  lo w e r  th a n  f o r  th e  c h i ld  s a m p le ;  th e  c o r re s p o n d in g  f ig u r e s  a re  6 3  t i le s  a t Do.so a n d  
4 7  t i le s  a t £>0.75.
T a b le  2 .7  s h o w s  th e  p e rc e n ta g e  o f  t o ta l  re s p o n s e s  a n d  th e  n m f  D , a n d  S  in d ic e s  f o r  
e a c h  c o lo u r  te r m  in  th e  e q u iv a le n t  f o r m  as T a b le  2 .5  f o r  th e  c h i ld  d a ta . T h e  p a t te rn  
s h o w n  b y  th e  p e rc e n ta g e  f r e q u e n c y  d a ta  is  b a s ic a l ly  th e  s a m e  as  f o r  th e  c h i ld  d a ta . 
T h e re  a re  d i f fe re n c e s  in  th e  r a n k  o r d e r  o f  te rm s ,  b u t  th e  m a jo r  d i f fe r e n c e  is  th a t  
efla tun  ‘ l i l a c ’ ha s  th e  e le v e n th  h ig h e s t  s c o re  ( 3 .4 % ) ,  a b o v e  b o th  lacivert ‘ d a rk  b lu e ’ 
( 3 .3 % )  a n d  beyaz ‘ w h i t e ’ ( 1 .4 % ) .  T h u s  th e  13 m o s t  f r e q u e n t  te rm s  a re  th e  T u r k is h  
to k e n s  f o r  th e  11 u n iv e rs a l te rm s ,  p lu s  lacivert ‘ d a r k  b lu e ’ a n d  eflatun  ‘ l i l a c ’ .
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The pattern shown by the £>0.50 index is the same as for the nmf index: there are 13 
terms with at least one tile for which they were dominant. Two terms fail to exceed 
the stricter threshold of £>0.75: turuncu ‘orange5 and eflatun ‘lilac’. However, lacivert 
‘dark blue’ does.the 11 terms that meet the £>0.75 criterion also meet a stricter criterion 
of £>0.90, as shown in column 7.
The specificity (S) index (column 8) shows that eflatun ‘lilac’ has the lowest score 
(0.24), suggesting that although the term is prevalent, it is not used with precision. In 
contrast, lacivert ‘dark blue’ has an S of 0.76, which is higher than those for mor 
‘purple’, turuncu ‘orange’, sari ‘yellow’; further, the score for lacivert ‘dark blue’ is 
the same as for siyah ‘black’. This pattern is similar to the child data. The two main 
differences are for mor ‘purple’ and for lacivert ‘dark blue’. In the former case the 
score for the adults is lower than that for the children (0.62 compared to 0.86), while 
in the latter case the score for the adults is higher than that for the children (0.76 
compared to 0.41). The difference for mor ‘purple’ probably reflects the adults’ 
greater use of an alternative p u r p l e  term, namely eflatun ‘lilac’, which was used 
rarely by children.
2.3.4. Discussion
The data from the child sample suggest that the strongest contenders for basic status 
in Turkish are the Turkish tokens of the 11 universal categories; siyah ‘black’, beyaz 
‘white’, kirmizi ‘red’, yefil ‘green’, sari ‘yellow’, mavi ‘blue’, kahverengi ‘brown’, 
mor ‘purple’, pembe ‘pink’ turuncu ‘orange’ and gri ‘grey’. Further insight is gained 
as to the uncertainty over the term for ORANGE. In child lists, kavunigi scored 
comparably to turuncu for basic status, but very low in adult lists. However, it was 
rarely used in colour naming by children, as it was by adults. In addition to the tokens 
of the 11 universal categories, lacivert ‘dark blue’ was dominant for one tile at the 0.5 
level, but it had the lowest specificity index of all terms with a nonzero dominance 
index. Nevertheless, it had the twelfth strongest claim for basic status.
The adult naming data suggest that the 12 contenders for basic-colour-term status are 
the Turkish tokens of the 11 universal categories plus lacivert ‘dark blue’. Lacivert is
56
at least as strong a contender on the S index as three of the Turkish tokens of the 11 
universal categories are.
2.4. General discussion of Turkish colour terms
The results suggest that Turkish encodes all 11 universal BCTs, corresponding to the 
latest B&K stage of colour term evolution. Further, there is considerable support for 
the claims of lacivert ‘dark blue’ for basic status. The children tested in the present 
study offered it in their lists as frequently as the orange term, and more frequently 
than the grey term. They also used it in naming colours though with low specificity. It 
might be that this term is acquired at a relatively late developmental stage and its use 
in describing colours can be indiscriminate among young children. Adults however, 
use it in colour naming with high specificity and high dominance. One of the two tiles 
in the stimulus set that fell in this category was described as lacivert by 33 out of 34 
adults.
In addition to its low specificity score in child colour-naming, lacivert has further 
problems in terms of claims for basicness. The term mavi seems to be dominant for 
the blue region. Its gloss is ‘blue’ instead of Tight blue’ (Iz et al, 1992), which should 
be the case if it only refers to lighter colours than those in lacivert. Further, where the 
term lacivert failed to reach dominance, mavi was offered as the alternative by the 
children (see Table 2.4). All this implies that lacivert may be ‘a kind of mavi ’ in the 
colour term inventory of Turkish speakers. This violates one of the B&K criteria for 
basicness. The criterion of inclusion states that a basic term should not be included in 
the signification of another term (Maffi, 1990). As a follow-up study, 124 students 
(109 females and 15 males) from the University of Bogazigi were asked two questions 
during a class at the university. First, they were asked to write down “as many kinds 
of mavi as they could think o f’. Second, they were asked to indicate (independent of 
their first answer) whether they thought lacivert was also a kind of mavi. They offered 
a mean number of 5.6 kinds of mavi. Seventy-one of the sample (57%) included 
lacivert in their lists of type of mavi. Further, 106 of the respondents (85.5%) 
indicated that they thought lacivert was a kind of mavi. This finding suggests a clear 
violation of the inclusion criterion. According to MacLaury (1997), one of the two 
Russian blue terms goluboj is included in sinij, and so can not be basic. If so, the
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claim of lacivert for basic status is similar and it fails. However, it is possible to argue 
that the very nature of the question asked, “is lacivert a kind of mavi?” might distort 
the relationship between the two terms. If English speakers are asked the same 
question about the relationship between pink and red, “is pink a kind of red” virtually 
all respondents say that it is. Therefore, further investigation of the relationship 
between derived terms and their parent primaries may provide a clarification over this 
issue.
One of the objectives of the present study was to investigate whether Turkish, like 
Russian, challenges the “maximum 11 BCTs” rule, and supports the idea that other 
BCTs could emerge as the K&MD theory implies. The evidence deserves 
consideration. Although there is some doubt as to its relationship to the parent 
primary mavi ‘blue’, lacivert ‘dark blue’ is nevertheless a term used to describe a 
specific range of colours with high consensus and consistency. The use of lacivert is 
necessary to describe this range of colours, since using mavi to do so would result in 
confusions. (The only respondent in the adult sample in Experiment two who used 
mavi instead of lacivert for the tile BV-HUE, seemed embarrassed while explaining 
why he did so, when reminded subsequently. He said he was an arts student and the 
name of the tube of paint resembling this particular colour was gece mavisi ‘night 
blue’, and that he remembered this information during this trial. If not he said, he 
would have replied lacivert Other informal discussions with Turkish speakers 
suggested that describing dark blue colours using the alternative blue term mavi ‘blue’ 
would be generally considered to be ‘incorrect’.)
Another objective of the present study was to explore whether an opportunity of 
testing the LRH predictions existed for Turkish. The common and consistent use of a 
second term in the blue region constitutes a reasonably clear linguistic difference 
between Turkish and English (Davies and Corbett, 1995). This difference will be 
exploited in subsequent chapters.
1 The work presented in this chapter is a summary of Ozgen and Davies (1998).
2 For a critical view see Saunders and Van Brakel (1997) and Lucy (1997). Exceptions to the universal 
constraints predicted by the theory exist. Roberson (1998) for example reports a language, which seems
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to distinguish between the colour of dead leaves and “live” colours (blue / green / yellow-green /  
purple): a problematic categorisation for the B&K theory.
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Chapter three
A comparison of Turkish and English perception of blue
3.1. Introduction
In the previous chapter, evidence was reviewed suggesting that, like Russian, Turkish 
has a twelfth basic term: two terms encoding the blue region (Ozgen & Davies 1998). 
The present chapter exploits this key linguistic difference between Turkish and 
English in two experiments aimed at detecting potential Whorfian effects arising from 
the existence of a term that was not included among the B&K universals.
As described in section 1.5, categorical effects have been demonstrated in describing 
spectral (Sternheim and Boynton 1966) and non-spectral colours (Fuld, Wooten and 
Miller 1981), as well as in discriminating between colours straddling category 
boundaries (Boynton et al. 1989, Bornstein and Korda 1984; Roberson and Davidoff, 
2000). Further, evidence suggests the existence of language specific categorical 
perception (CP) effects. That is, boundary effects have been found specifically for the 
speakers of languages that encode a given boundary (Kay and Kempton 1984; Davies 
etal. 1996; Davies, Sowden, Jerret, Jerret, Corbett, 1998; Roberson, Davies and 
Davidoff, 2000).
In Chapter two, evidence was found, which suggested that Turkish, like Russian, has 
two separate basic terms for blue, distinguishing light and dark blues (Corbett and 
Morgan 1988; Davies and Corbett 1994; Ozgen and Davies 1998). If so, both 
languages present an opportunity to test the predictions of the LRH. If language has 
an influence on perception, then CP effects along the boundary between the two blue 
categories of Russian and Turkish should be found specifically for the speakers of 
these languages.
Laws and her colleagues (Laws 1995, Laws, Davies and Andrews 1995) carried out a 
series of experiments with speakers of Russian and English, aimed at exploring
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Whorfian effects arising from the extra blue category in Russian. While only one 
basic term encodes the blue region in English, Russian distinguishes between light 
(goluboj) and dark blue (sinij). Laws and her colleagues predicted therefore that the 
Russian perception of colour differences coming from the two blue categories would 
be “stretched”, while distances between colours from the same category would be 
“shrunk”. However, they failed to find any language-specific effects in a triads task, 
much like that used by Kay and Kempton (1984), in a ‘similarity judgement’ task, or 
in ‘colour sorting’ tasks.
Laws et al. (1995) argue that the discrepancy between the Russian findings and those 
from other studies (e.g. Kay and Kempton 1984) may relate to the degree of 
perceptual separation between the two Russian blue categories. The distinction 
between the two types of blue may not be as clear as that between, say, blue and 
green, although both terms fulfil the B&K criteria for basicness. They point out that 
although the focal regions for sinij and goluboj are clear and definite, they are small, 
and a large intermediate area exists between them where naming behaviour is unstable 
(Moss et al. 1990). Laws et al. (1995) also suggest that the fact that the Russian 
subjects they tested in Britain were bilingual may account for their results, although 
such an effect of bilingualism requires further testing.
The Turkish extra blue term presents a further opportunity for research in this line. 
Although the foci of the referents of the Turkish blue terms are in different locations 
to sinij and goluboj of Russian (Ozgen and Davies, 1998), the Turkish extra blue BCT 
nonetheless presents a comparable opportunity to test Whorfian predictions.
Two experiments will be reported in the present chapter. In Experiment one, ‘colour 
sorting’ is used to explore effects relating to the linguistic difference between Turkish 
and English on perceptual similarity. The second experiment uses similarity 
judgements as its measure, testing for such effects in the blue region, comparing blue 
and green region ratings.
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j3.2. Experiment one: colour grouping
3.2.1. Introduction
An important implication of the Kay and McDaniel (1978) account of colour term 
evolution is that basic colour categories exist independently of language because of 
universal perceptual physiology (Hardin and Maffi, 1997). If so, speakers of Setswana 
for example, which does not encode blue and green separately but instead has the 
‘composite’ term botala (Davies et al., 1992), must nevertheless have two 
perceptually salient foci implicit in this category corresponding to the universals blue 
and green.
One way of investigating the perceptual distinctiveness of category foci is used by 
Davies and Corbett (1998). They used a ‘colour grouping’ task where subjects were 
required to sort a set of colours into groups on the basis of perceptual similarity. They 
compared speakers of English, Setswana (5 BCTs) and Russian (12 BCTs), 
investigating two Universalist hypotheses.
(1) All 11 B&K universal categories are “nascent” and their foci are perceptually 
distinctive even if the subjects’ language does not code them. For example, if the 
categories blue and green have perceptually salient foci regardless of language, 
then English and Setswana speakers might both be expected to form separate 
groups around these two foci.
(2) If subjects are forced to form a fixed number of groups from 2 groups to 11, the 
B&K hierarchical relationship (see Figure 1.1) between category foci should be 
observed independent of subjects’ language. That is, if they are only allowed to 
form two groups, these should correspond to the categories of B&K two-BCT- 
stage (light/warm -  dark/cool), and the three-group stage should correspond to the 
B&K second-stage, and so on. This is because languages first distinguish 
light/warm and dark/cool, due to these categories being perceptually most 
distinctive. Languages then separately encode red, since this is the category that is 
perceptually most distinctive after the stage-1 categories formed, and so on>
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The second hypothesis was first investigated by Boster (1986), who required subjects 
to divide a set of 8 focal colours into groups on the basis of perceptual similarity, 
beginning with 2 groups until all 8 were in different groups. Boster hypothesised that 
the diachronic (evolutionary) structure of the B&K hierarchy would be 
“recapitulated” by the way in which these subdivisions were carried out, consistent 
with the Kay and McDaniel (1978) model. Boster found that subjects’ choices were 
similar to the hierarchical structure, supporting the Kay and McDaniel predictions. 
However, Davies and Corbett (1998) argue that there are inconsistencies in Boster’s 
findings with the Kay and McDaniel theory. They point out that although 13 out of 21 
subjects in Boster’s study, followed the hierarchy, 8 formed groups that did not fit the 
Kay and McDaniel model. For example, purple, a derived category in Kay and 
McDaniel’s theory, were placed on its own before primary categories blue and green 
split.
Davies and Corbett (1998) investigated this hypothesis with a set of 65 colour-stimuli 
representative of colour space. They forced subjects to form a fixed number of groups 
from 2 to 12. The upper-limit was 12, in order to investigate whether the Russian 
twelfth BCT would emerge from a 12-group stage. The findings revealed patterns of 
grouping behaviour consistent with the recapitulation hypothesis for all three 
language samples. There were important exceptions however, such as those cases 
where “illegal” composite categories (e.g. red + blue) were formed, not allowed by 
Universalist theories. Further, some derived categories appeared “prematurely”, that is 
before the primary categories decomposed. The most common such premature derived 
category was PURPLE, although Davies and Corbett (1998) point out that this was 
allowed by the K&MD theory which regarded purple as a “wildcard”. Another finding 
inconsistent with the theory was that for all three languages, secondary (non-basic) 
terms such as ‘khaki’ appeared before all 11 universal categories.
Davies and Corbett (1998) also found some support for the first hypothesis. In the 
Setswana data, separate blue and green groups were formed at 7 through 12-group 
stages except for the 8-group stage. Further, of the four terms that Setswana does not 
code, separate purple and pink groups were formed, whilst orange and grey groups 
were not offered by the African sample. In relation to the Russian extra blue BCT, the
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prediction consistent with the recapitulation hypothesis would be that all three 
languages separate light and dark blue at the 12-group stage, if these categories were 
nascent for languages other than Russian. However, while Russian and Setswana data 
did not show a separation of these two categories, English speakers separated them at 
the 12-group stage.
Davies and Corbett (1997) also report findings from a colour-grouping task that are 
consistent with ‘weak’ Whorfian effects. They found that Setswana speakers were 
more likely to group blue and green colours together than were English speakers.
The grouping task procedure has produced results that are consistent with the 
Universalist theories as well as those that support weak Whorfian interpretations. The 
present experiment also uses this procedure, concentrating on the first of the two 
hypotheses that Davies and Corbett (1998) investigated as stated above. Turkish and 
English speakers are compared on free colour-grouping (flexible number of groups), 
aiming specifically to investigate patterns in the blue region, where Turkish has two 
BCTs (see previous chapter).
If the two Turkish blue terms are basic, then their referents should be perceptually 
salient (Heider, 1972). If so, the grouping task, as a measure of perceptual similarity, 
might detect tendencies by Turkish speakers to form separate groups around these two 
distinct foci. According to the prototype model of categorisation (Rosch, 1975), 
differences between stimuli around separate foci should be maximised. If so, Turkish 
speakers can be expected to be reluctant compared to English speakers, to form 
groups inclusive of both kinds of blue, indicating minimised perceived similarity.
Further, as mentioned in hypothesis (1) above, if perceptual distinctiveness is 
universal rather than language-specific, these two foci should be equally salient for 
English speakers. It was mentioned earlier that an extra blue term to distinguish 
between light and dark blue seems likely to gain basic status in several late-stage 
languages in addition to Russian and Turkish (Bolton et al., 1980; Harkness, 1973; 
Kristol, 1978 -  see section 2.1 for a summary). From a Universalist viewpoint, the 
reason for this linguistic separation may be that light and dark blue foci are
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perceptually distinctive universally regardless of language. Thus, if universal salience 
underlies the light-dark linguistic separation, then it should be expected that these foci 
are perceptually separate for English speakers as well as Turkish speakers. If so, the 
grouping data from Turkish and English speakers would reveal very similar patterns 
in the blue region.
In the present experiment, the free-sorting procedure is used employing the 65-tile set 
used by Davies and Corbett (1997, 1998). Support for Whorfian predictions can only 
be expected to come from the blue region analyses, since Turkish and English differ 
in terms of BCTs in this region alone. The LRH would find support if Turkish 
speakers form separate groups around the two blue BCT foci, whilst English speakers 
tend to gather blue colours around a single focus. On the other hand, if both language 
samples display effects indicating the perceptual salience of the two blue categories, 
the Universalist position would be supported. In this case, the argument that a light- 
dark blue separation could occur in languages at a later stage than the latest observed 
by B&K gains support.
A Whorfian effect could be said to operate if multidimensional scaling of the 
grouping data for the blue region reveals differing patterns for the English and 
Turkish samples (Heider and Olivier, 1972). If subjects form groups in the blue region 
around two separate foci, then the loci of the mavi ‘blue’ and lacivert ‘dark blue’ 
stimuli should be spatially separated in multidimensional scaling solutions. Such an 
effect could also be displayed by the English sample, if the two categories are 
perceptually salient regardless of language. The crucial question then is whether only 
Turkish speakers will display such patterns, consistent with the LRH, or both the 
language groups, as predicted by the Universalist position. Other measures will be 
used to investigate such tendencies, enabling analyses using tests of significance.
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3.2.2. Method
Subjects
Thirty-four adult first-language speakers of Turkish (15 males and 19 females) and 
forty-seven first-language speakers of English (24 males and 23 females) were tested. 
Sixteen of the Turkish informants were also those that had been interviewed in either 
or both of the ‘listing’ and ‘naming’ tasks reported in the previous chapter. The 
Turkish sample had an age range of 18 to 52 years, with a mean age of 24;5 years. All 
Turkish informants lived in Istanbul; some had a basic knowledge of English. The 
English sample consisted mainly of university undergraduates from the University of 
Surrey, and had an age range of 21 to 65 years, with a mean age of 29 years. All 
subjects had normal colour vision as assessed by the City University Color Vision 
Test (Fletcher 1980).
Stimuli
Stimuli were the same 65 ‘colour tiles’ as those used in the naming task reported in 
the previous chapter. For the CIE chromaticity co-ordinates of the stimuli, and their 
distribution across CIE uniform chromaticity space refer to Table 2.3 and Figure 2.1 
respectively.
Procedure
Informants were interviewed individually in daylight shade, or indoors using a lamp 
fitted with a daylight filter. All 65 tiles were laid on a neutral grey cloth. The 
instructions given to the informant were as follows:
“I would like you to sort these colours into groups so that those 
colours that are similar are in the same group. You can form as 
many groups as you want and each group can have as many 
colours in it as you want”.
Subjects typically took about 10 minutes to complete this task.
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A non-metric Multidimensional Scaling Analysis was carried out on the 65-tile data, 
using a similarity matrix produced by adding the number of times a given pair of tiles 
were placed together across each sample of informants. Two-dimensional solutions 
produced relatively high stress values (stress = 0.24, Rsq. = 0.72 for English; stress =
0.28, Rsq. = 0.60 for Turkish), so three-dimensional solutions are used here. The 
stress value was 0.14 (Rsq = 0.88) for English, and 0.17 (Rsq = 0.81) for the Turkish 
solution. Figures 3.1 and 3.2 show one of the two-dimensional planes of the three- 
dimensional Euclidean distance solutions for English and Turkish samples 
respectively. Tiles in these figures are grouped on the basis of the most frequent 
English name given by English speakers in Davies and Corbett (1995), as figures 
where a separate key is displayed for each of all 65 colour-tiles proved difficult to 
interpret. So for example, for 11 tiles the most frequent term offered in the naming 
task by English speakers was ‘blue’. Hence these tiles are shown in Figures 3.1 and 
3.2 by the ‘blue’ key. Only four tiles had non-basic terms as the most frequent term 
offered (mauve, lilac, tan, khaki), and so the less frequent but ‘basic’ term given for 
that tile was used in the legend.
The similarity between the two samples on colour-sorting across the whole of colour 
space is indicated by a strong correlation between the Turkish and English similarity 
matrices (r (2080) = 0.88,/? < 0.0005).
The present study seeks to determine whether differences between Turkish and 
English speakers in colour grouping exist specifically in the blue region, since this is 
the region that Turkish language codes an extra basic category, lacivert 'dark blue'. To 
investigate such differences, tiles that were named dominantly1 blue by English 
speakers in Davies and Corbett (1995), and that were also dominantly named mavi 
‘blue’ or lacivert ‘dark blue’ by Turkish speakers in the colour naming task reported 
in the previous chapter were identified. There were 11 such tiles: nine mavi and two 
lacivert. Table 3.1 shows the Color-Aid codes and the CIE co-ordinates of these tiles.
3.2.3. Results
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Table 3.1. CIE chromaticity and uniform chromaticity co-ordinates of'colour tiles' 
in the blue region. All 11 tiles were named 'blue' by English speakers (Davies & 
Corbett, 1995).
Coior-Aid Turkish CIE co-ordinates
code term
B HUE mavi
T1 mavi
BGB HUE mavi
T3 mavi
BG HUE mavi
T1 mavi
S2 mavi
BV S2 mavi
GBG S2 mavi
BV HUE lacivert
BVB HUE lacivert
Y X y
9.51 0.18 0.16
19.02 0.20 0.19
9.62 0.19 0.19
23.08 0.20 0.23
8.93 0.20 0.25
16.57 0.19 0.25
7.42 0.21 0.26
7.88 0.25 0.26
20.79 0.20 0.25
4.21 0.22 0.19
4.80 0.19 0.13
L* u' v’
40.71 0.16 0.32
55.45 0.16 0.35
40.93 0.16 0.35
60.21 0.15 0.39
39.53 0.14 0.40
52.24 0.14 0.40
36.21 0.15 0.41
37.26 0.18 0.42
57.60 0.14 0.40
27.22 0.18 0.35
29.15 0.18 0.28
In the above MDS analysis, concentrating on the blue region alone provides some 
insight into the specific question that the present study explores. In Figures 3.1 and
3.2, all ‘blue’ tiles are shown by the diamond shape. Two of these 11 tiles are those 
that were named lacivert ‘dark blue’ by Turkish speakers in Chapter one. The two 
lacivert tiles are indicated in Figures 3.1 and 3.2 by circles surrounding their markers. 
It can be seen that for the English solution the two lacivert tiles (circled separately) 
seem to be represented somewhat distant from each other and close to other blue 
(diamond) tiles. On the other hand, these two colours are represented close to each 
other (as indicated by a single circle surrounding both tiles), and away from other blue 
colours (and closer to the purple region) in the Turkish solution. This pattern seems to
6 8
2  1 0 - 1 - 2
■ achromatic ♦ blue ▲ brown o  green X orange — pink X  purple •  red + yellow
Figure 3.1. Two-dimensional plane of 3D Euclidean distance solution 
from English tile-sorting MDS
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be a preliminary indication of categorical separation of light and dark blue colours by 
Turkish speakers. In comparison to the grouping choices by the English sample, 
Turkish speaking subjects’ choices led to a representation of blue colours that shows 
proximity for colours in the same lightness-based category, and separation between 
those from different categories. The next task is to concentrate in the blue region 
alone and test the reliability of this observation.
Two-tile groups
A measure of the potential effects of two categories on grouping behaviour can be 
computed using the number of tile groups in which there were only two tiles (two-tile 
groups). The key index for this analysis was the number of times the two lacivert 
‘dark blue’ tiles were placed together in a pair (pair L1-L2) excluding all mavi ‘blue’ 
tiles (Ml to M9). There were five two-tile groups out of the possible 55 for the 
Turkish sample, and four two-tile groups for the English sample, including pair Ll- 
L2. Twenty-three out of thirty-four Turkish speakers (67.7%) offered pair L1-L2, as 
opposed to 9 out of 47 English speakers (19.2%). These were the highest numbers of 
two-tile groups for both Turkish and English samples, with the next highest being 6 
(17.7%) for the Turkish sample, and 6 (12.8%) for the English sample. Although both 
samples placed the two lacivert ‘dark blue’ tiles together exclusively more often than 
any other pair, for Turkish speakers this tendency was much more common than for 
English speakers: 67.7% vs. 19.2%. This pattern was found to be statistically 
significant by a Chi-square test (%2 (i) = 19.42, p  < 0.0005).
Exclusive Categorical Proximity Index
Another index of the effect of the two Turkish blue terms is how often the two lacivert 
tiles were grouped together, relative to how often they were grouped with mavi tiles. 
Three scores were calculated: intra-lacivert, intra-mavi, and inter-mavi-lacivert.
If two colours were grouped together, they constituted an intra-mavi pair if both were 
mavi tiles, an intra-lacivert pair if they were the two lacivert tiles, or an inter-mavi- 
lacivert pair if they came from separate Turkish blue categories. There were 36 
possible intra-mavi pairs, while the ‘intra-lacivert ’ classification consisted of only
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one pair (pair L1-L2 above), and the number of possible 1 inter-mavi-lacivert’ pairs 
was 18. For each subject the number of each type of pairs formed in grouping was 
calculated. Tiles that formed inter-mavi-lacivert pairs (cross-category) were not 
considered for the intra scores (within-category), if they also formed within-category 
pairs.
An exclusive categorical proximity index (ECPI) was calculated for each group of 
pairs, by dividing the number of each type of pair by its maximum possible value, 
resulting in indices with a range of 0 to 1. So, for example, a subject who formed 18 
intra-mavi pairs (placed 18 pairs of mavi tiles together), would have an intra-mavi 
ECPI of 18/36 = 0.5. An index of 1 for a given group of categorical description 
indicated complete exclusive association of colours in that group.
Figure 3.7 shows mean ECPI for Turkish and English speakers. It can be seen that the 
Turkish sample had a lower inter-mavi-lacivert index than did the English sample: 
Turkish speakers were less willing to associate lacivert ‘dark blue’ tiles with mavi 
‘blue’ tiles than were English speakers. Their intra-mavi and intra-lacivert indices 
(within-category scores) however, tended to be higher than those of English speakers. 
It seems that while English speakers were willing to form exclusive associations of all 
blue tiles without distinguishing between the mavi and lacivert categories, Turks 
tended to associate exclusively colours within each blue category. This overall pattern 
was analysed using an ANOVA with a within-subjects factor of categorical 
description (intra-mavi. inter-mavi-lacivert. and intra-lacivert). and a between- 
subjects factor of language. There was no significant main effect of categorical 
description, but a significant main effect of language (F(i, 79) = 4.31 ,p <  0.05); 
Turkish speakers had a higher mean overall ECPI (0.4 [0.02]) than did English 
speakers (0.34 [0.02]). This is what one might expect as a result of exclusivity for two 
categories for Turkish speakers as opposed to that for only one category for the 
English sample. Further, the interaction between categorical description and 
language was significant (F 158) = 24.62,p  < 0.0005). Post-hoc tests using Tukey’s 
HSD revealed that while Turkish speakers had significantly lower cross-
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category (inter-mavi-lacivert) indices than English speakers (p < 0.001), they had 
significantly higher intra-lacivert indices than English speakers (p<  0.001). They also 
had higher intra-mavi indices than the English sample, but this difference was not 
significant (p -  0.6). Further, all of the within-across differences were statistically 
significant with one exception: Turkish-intra-mavi and Tuvkish-inter-mavi-lacivert 
indices did not differ significantly. Turkish speakers were reluctant to associate 
colours from the two separate Turkish categories, but willing to form exclusive 
within-category associations, while the reverse was true for the English sample, who 
did not differentiate between these two groups of tiles and mostly placed the two 
lacivert tiles together with the other blue tiles.
3.2.4. Discussion
The results revealed four main findings:
1. Multidimensional scaling showed similar patterns for the two samples across the 
whole of colour space. This is consistent with the similarities reported in Chapter 
two of the Turkish colour-term inventory to the ‘universal’ pattern (Ozgen and 
Davies, 1998).
2. Multidimensional scaling in the blue region suggested a clearer separation of mavi 
and lacivert tiles for the Turkish sample than for the English sample, for whom a 
relatively continuous mix of these two groups of tiles was observed.
3. The majority (67.7%) of Turkish speakers placed lacivert ‘dark blue’ tiles together 
and separate from the rest of the blue tiles, while this tendency was less common 
for the English sample (19.2%).
4. The Turkish sample had a tendency to group colours in the same Turkish category 
together (high within-category ECPI), excluding colours from a separate category 
(low cross-category ECPI). This tendency was reversed for the English sample; 
they tended to include mavi and lacivert tiles in the same groups.
These findings are consistent with the LRH, suggesting the influence of language and 
culture on a behavioural variable. The grouping task consistently established a 
tendency by Turkish speakers to form separate groups around the two foci in the blue
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region, which their language codes with BCTs. Such a tendency was less common for 
English speakers. This pattern is consistent with similar Whorfian effects found in 
other cross-cultural studies of categorical colour perception (Kay and Kempton, 1984; 
Davies et al., 1996; Roberson, Davies and Davidoff 2000). Using two separate and 
dominant (basic) linguistic categories for colours in the blue region seems to have 
resulted in perceptual separation of these foci.
The mechanism responsible for these results may be formulated in terms of effects on 
similarity space. Livingston et al (1998) found evidence suggesting that learning new 
categories results in ‘warping5 effects in perceptual similarity space. Similarly, 
learning the Turkish categories during the acquisition of the language and using them 
reliably may result in such effects over the course of an individual’s lifetime. The 
resulting perceptual separation between colours signified by the terms mavi and 
lacivert is then mirrored in grouping choices, since the grouping task is performed on 
the basis of perceptual similarity.
It was mentioned in the introduction that findings exist suggesting that light-dark blue 
separation may be a part of colour-term evolution for several languages. A 
Universalist account of such a tendency would be that these foci are ‘already’ salient 
preceding language encoding across different cultures. In that case the two language 
samples of the present experiment should reveal similar grouping patterns. This was 
not so. Tendencies indicating perceptual separation of light and dark blue were 
significantly less common for English speakers than for the Turkish sample. 
Consistent with the LRH, such relatively less common tendencies in the English 
sample may be attributed to their use of non-basic terms such as ‘navy’ referring to 
dark blue colours. Although such terms are not used with consensus (Berlin and Kay, 
1969; Davies and Corbett, 1995), they are linguistic categories whose acquisition 
might have a similar effect on grouping choices for the individuals who use them 
consistently. An alternative explanation of course is that these two tile-groups were 
perceptually distant from each other, which might have led some of the English 
speakers to also group them separately. A more perceptually uniform set of mavi and 
lacivert tiles must be used to test this possibility.
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These results suggest that language might have an effect on colour perception of its 
speakers. It is necessary however, to obtain a more direct measure of subjective 
perceptual similarity, in order to investigate ‘warping’ effects similar to those 
suggested by earlier findings (Livingston, Andrews, Harnad, 1998; Goldstone,
1994a). Further, a design more concentrated on the blue region is necessary than that 
of the present experiment, which was carried out for the whole of colour space. The 
next experiment compares the blue and green region similarity judgements of English 
and Turkish speakers.
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3.3. Experiment two: Similarity judgements
3.3.1. Introduction
An implication of the prototype model of categorisation (Rosch, 1973; Rosch and 
Mervis, 1975) is that perceived similarities are maximised within categories and 
minimised across categories (Rosch, Simpson, Miller, 1976). Livingston et al. (1998) 
propose that learning new categories can result in one or both of two kinds of 
‘warping’ effects: within-category compression, and cross-category expansion. The 
former is characterised by minimised differences between stimuli within the same 
category and is sometimes referred to as ‘acquired equivalence’. Cross-category 
expansion is the result of maximising differences between stimuli from different sides 
of a category boundary and is also referred to as ‘acquired distinctiveness’
(Goldstone, 1994a). The present experiment tests whether similar mechanisms might 
be in play for the blue region similarity space of Turkish speakers, due to the 
existence of two separate foci in this region. Such compression-expansion effects 
would be consistent with the LRH, suggesting that language influences perceptual 
colour space.
As noted earlier, Laws et al. (1995) investigated such effects comparing the similarity 
ratings of Russian and English speakers. They found no evidence for Whorfian 
effects. Roberson et al (2000) however, used triadic similarity judgements to compare 
speakers of Berinemo (five BCTs) and English, and found evidence consistent with 
language influencing the structure of colour similarity space. She found that linguistic 
boundaries consistently predict which of a triad of colours subjects are likely to judge 
dissimilar to the other two.
The present experiment uses similarity judgements to investigate linguistic influences, 
comparing Turkish and English speakers in the blue and green regions. Subjects were 
asked to judge the similarity of all possible pairs in a set of colours chosen from either 
the blue or the green region of colour space. Pairs in the blue region could be those 
that straddle the mavi-lacivert category boundary (cross-category pairs), or those 
where both colours come from the same category (within-category pairs). For control
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purposes, within and cross-category pairs were identified also for the green region, 
assuming a boundary between light and dark greens to simulate the blue region 
categories. Judged differences for within and cross-category pairs were used to 
explore compression and expansion effects as described by Livingston et al (1998).
Comparisons will be made between the two language samples on within and cross- 
category judgements. If learning to use two blue terms has affected the structure of 
colour similarity space, then Turkish speakers should display one or both kinds of 
effects in this region. They might judge lacivert and mavi colours to be less similar 
than English speakers (cross-category expansion), they might judge two colours from 
the same category to be more similar than English speakers (within-category 
compression), or they might do both. According to the LRH, such effects should be 
restricted to the blue region, since this is the only area of colour space that there is a 
clear linguistic difference between the two languages. To investigate this, within and 
cross-category similarity judgements of English and Turkish speakers are also 
compared in the green region.
3.3.2. Method
Subjects
There were 64 subjects: thirty-two Turkish speakers, 14 men and 18 women, and 
thirty-two English speakers, 12 men and 20 women. The Turkish sample had an age 
range of 18 to 41 years, and a mean age of 24;6 years. The English sample had a mean 
age of 24;3 years, with a range of 18 to 40 years. Turkish subjects came from various 
parts of Istanbul, and most of them had a basic knowledge of English. The English 
sample consisted of students and members of staff in the University of Surrey. All 
subjects were tested for normal colour vision using the City University Color Vision 
Test (Fletcher, 1980).
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Stimuli
Two stimulus arrays were constructed using coloured paper from the Color Aid 
Corporation range, each measuring 2cm by 2cm, and mounted at the centre of a white 
piece of cardboard measuring 5cm by 7cm.
The first stimulus array was in the blue region, and consisted of 11 colours, all of 
which were named blue by English speakers and either mavi 'blue' or lacivert 'dark 
blue' by Turkish speakers in a pilot study. There were six mavi ‘blue’ and five lacivert 
‘dark blue’ stimuli in this array. All five stimuli classified as lacivert had lower 
luminance levels than the six mavi tiles. For a control task, a second stimulus array 
was constructed using the green region. All colours in this set were named green by 
English and yesil ‘green’ by Turkish speakers. Six light green and six dark green 
stimuli were identified on the basis of their luminance co-ordinates (CIE Y), so that 
stimuli with the lowest luminance levels were classified as ‘dark’. The CIE 
chromaticity co-ordinates of the stimuli and their category membership are shown in 
Table 3.2. Figures 3.8 and 3.9 plot the loci of the stimuli in one of the two 
dimensional planes (u*, v*) of three-dimensional CIE L*, u*, v* space in the blue and 
green regions respectively (other planes were very similar in appearance). These co­
ordinates provide a description of colours in a perceptually uniform space, where 
approximately equal perceptual distances can be assumed between points that are 
equally distant from each other.
In each stimulus set, two types of pairs were identified on the basis of their categorical 
description. When two colours in a given pair came from two separate categories (the 
two Turkish blue categories in the blue region and light vs. dark colours in the green 
region - hereafter referred to as light and dark categories), that pair was identified as 
cross-category. The rest of the pairs (light vs. light and dark vs. dark pairs) were 
classified as within-category. In the blue set, there were 55 possible pairs: 25 within- 
category and 30 cross-category. There were 66 possible pairs for the green set: 30 
within-category and 36 cross-category.
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Table 3.2. CEE Chromaticity and uniform chromaticity co-ordinates of stimuli used in 
the similarity judgement task. Stimuli classified as 'dark* are shown in bold. Note that 
all dark stimuli have lower luminosity levels (Y) than light stimuli.
Stimulus Category CIE co-ordinates
set
X y Y u* V* L*
blue dark 0.259 0.253 6.04 -5.05 -18.52 29.51
blue dark 0.218 0.199 7.08 -10.32 -41.27 31.99
blue dark 0.272 0.262 7.08 -2.75 -16.57 31.99
blue dark 0.245 0.233 7.31 -6.85 -27.76 32.50
blue dark 0.251 0.253 7.60 -8.39 -21.31 33.14
blue light 0.227 0.221 9.55 -12.62 -37.67 37.02
blue light 0.197 0.180 11.53 -18.70 -63.65 40.46
blue light 0.217 0.227 14.68 -21.63 -43.90 45.19
blue light 0.209 0.239 15.81 -28.86 -40.23 46.72
blue light 0.198 0.199 17.73 -27.00 -65.29 49.17
blue light 0.217 0.232 21.14 -26.69 -48.76 53.10
green dark 0.272 0.340 8.51 -15.68 3.30 35.02
green dark 0.272 0.319 8.67 -12.75 -1.86 35.34
green dark 0.255 0.341 9.64 -22.21 2.59 37.19
green dark 0.240 0.334 11.43 -28.20 -0.23 40.30
green dark 0.264 0.364 11.98 -24.90 9.65 41.18
green dark 0.261 0.392 13.28 -31.18 17.02 43.18
green light 0.255 0.368 13.57 -30.16 10.58 43.61
green light 0.243 0.366 16.04 -36.77 9.82 47.03
green light 0.255 0.387 16.72 -36.07 17.01 47.91
green light 0.239 0.385 17.76 -42.88 15.51 49.20
green light 0.267 0.396 22.86 -37.80 23.46 54.93
green light 0.240 0.366 22.92 -44.33 11.18 54.99
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Procedure
All subjects were interviewed indoors using a lamp fitted with a daylight filter, the 
same as that used in Experiment one. Half the subjects from each language-sample 
judged the blue stimuli, and half judged the green stimuli. Subjects were shown the 
full array of colours at the start of the session for 30 seconds, while being given 
instructions. They were shown, in random order, one pair of stimuli at a time, and 
asked to rate their similarity on a scale of 0 to 5; 0 meaning ‘almost identical’ (no 
difference at all), and 5 meaning 'not at all similar' (greatly different), writing their 
answers on a response sheet. All 55 possible pairs out of the sample of 11 colours in 
the blue region and all 66 possible pairs in the green region were presented once. The 
task required about 10 minutes to run, and subjects spent approximately 4s for each 
judgement.
3.3.3. Results
Average within and cross-category ratings for each subject were calculated by 
summing ratings on pairs in each group of categorical description and dividing this by 
the total number of pairs in that group, yielding an average distance index with a 
range from 0 to 5. Figure 3.10 shows mean within and cross-category distance indices 
for blue and green raters across the two samples.
It can be seen in Figure 3.10 that for both samples and on judgements in both regions, 
cross-category distance indices were greater than within-category. This was supported 
by a significant main effect of categorical description (within vs. across) for both blue 
(F’p.so) -  356.27, p  < 0.0005), and green raters (F(i,30) = 290.81 ,p  < 0.0005). This is 
clearly because cross-category pairs of stimuli were more likely to cover greater 
perceptual distances than within-category pairs. This can be seen in Figures 3.8 and 
3.9, which plot the stimuli in a perceptually uniform space, where colours from the far 
edges of the two categories always constitute a cross-category judgement. Similarly 
pairs that were perceptually closest to each other were more likely to be within- 
category pairs than across.
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The comparisons important to the specific purposes of the present study are between 
the two language samples. It can be seen in Figure 3.10 that while blue raters in the 
Turkish sample reported greater perceived distances overall than did those in the 
English sample, no such difference existed for the green raters. This pattern was 
supported by a significant interaction of the two between-subjects factors, language 
(Turkish vs. English) and rating group (blue raters vs. green raters) (F (i, 6o>= 4.27, p  
< 0.05). Turks tended to ‘stretch’ distances in the blue region compared to English 
speakers (F (i, 30) = 6.49, p  < 0.05), while there was no such difference between 
Turkish and English speakers who rated distances in the green region (F (i,3o)~ 0.103, 
p  ~ 0.75).
Although blue raters in the Turkish sample seem to show a somewhat greater increase 
in reported distances from within to cross-category judgements (a steeper slope), than 
do those in the English sample (see Fig. 3.10), this interaction was not significant (F 
(1, 30) = 1.16, p = 0.29). For the green raters on the other hand, the Turkish sample 
has a slightly higher within-category mean than the English sample, while the reverse 
is true for the cross-category means, but this interaction fails to reach significance (F 
(1, 30) = 3.08, p = 0.09). Thus, when within and cross-category distance indices for 
blue and green raters were analysed together, the three-way interaction of language, 
rating group, and categorical description approached significance (F (1, 60) = 3.55, p 
= 0.06). Turkish speakers who judged the blue stimuli tended to show a greater 
categorical increase than did English speakers, while for green raters the direction of 
this tendency was reversed.
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It is possible to explore the nature of these language-related effects by comparing the 
two language samples on within and cross-category scores. There are three possible 
outcomes of categorical perception: within-category compression (acquired
equivalence), cross-category expansion (acquired distinctiveness), or a combination of 
both. Tukey’s HSD tests following the above ANOVA provided some insight into 
these questions. For subjects who rated similarities of the green region stimuli, 
Turkish and English samples did not differ on either within (p = 0.99) or cross­
category (p = 0.83) pairs. For blue raters however, there was a significant difference 
between Turkish and English speakers on cross-category judgements (p = 0.001), 
while no significant difference between the two samples on within-category 
judgements (p = 0.11). The ‘stretching’ effect reported above for the Turkish sample 
on blue region similarity judgements tended to be restricted to cross-category pairs of 
stimuli. This finding suggests that cross-category expansion (acquired distinctiveness) 
is responsible for the language-specific effects shown by Turkish speakers in the blue 
region.
In summary, Turkish speakers tended to stretch perceived distances between colours 
in the blue region, where Turkish codes two basic terms, compared to English 
speakers, while no difference between the two language samples was found in the 
green region. There was also evidence that this stretching is differentially effective for 
pairs of stimuli straddling the boundary between the two Turkish basic categories in 
the blue region.
3.3.4. Discussion
There was a clear difference between the two language samples in the way they 
judged similarities in the blue region alone. Differences between colours in this region 
were judged to be greater by Turkish speakers, than they were by English speakers. 
This overall tendency to ‘stretch’ distances was not found for the green region 
judgements.
Support for differential CP effects on within and cross-category judgements was also 
found in the blue region. Although both samples reflected the difference between 
average within and cross-category perceptual distances, the slope of increase from
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within to cross-category perceived distances tended to be steeper for Turkish 
participants than the English sample in the blue region alone. Further, the ‘stretching’ 
effect found in the blue region was more differentially effective for the cross-category 
judgements. Turkish speakers judged the similarities between mavi and lacivert 
colours to be greater than did English speakers. This is consistent with cross-category 
expansion or local acquired distinctiveness effects (Livingston, Andrews, Harnad, 
1998; Goldstone, 1994a). None of the other comparisons between the two language 
samples (blue: within; green: within, across) revealed significant differences.
These findings are consistent with the LRH, suggesting that learning to use two 
separate blue BCTs, influences the structure of colour similarity space of speakers of 
Turkish. Linguistic categorisation seems to affect perceived similarities by 
sensitisation to colour differences straddling the category boundary. It is possible to 
argue that such a mechanism is a linguistic analogue of the kind reported in category 
learning experiments (e.g. Goldstone, 1994a; Livingston, Andrews, and Harnad, 
1998). Making culturally relevant distinctions in the blue region over a lifetime, 
especially at developmental stages, might result in the warping of similarity space, or 
in the sensitisation to differences around a category boundary.
3.5. General discussion of experiments one and two
The effects of an extra blue BCT in Turkish on its speakers’ perceptual colour 
similarity space were investigated in two experiments. Both tasks resulted in data 
indicative of a linguistic influence on perceived similarity.
Subjects’ grouping choices in Experiment one suggested that for Turkish speakers, 
two perceptually distinctive foci exist in the blue region, corresponding to the 
categories that their language encodes. Turkish speakers formed separate groups of 
colours around these foci, and were reluctant to mix colours from the two categories 
This is consistent with grouping findings reported by Davies and Corbett (1997). It 
was more common for English speakers to treat the two kinds of blue as equivalent 
with a tendency to group colours in this region around a single focus
8 6
Experiment two sought to investigate the structure of colour similarity space in the 
blue and green regions for Turkish and English speakers. It was found that Turkish 
speakers ‘stretched’ perceived differences in comparison to the English sample only 
in the blue region. Further, this stretching was differentially effective for pairs of 
colours that crossed the mavi-lacivert boundary.
These findings are consistent with ‘weak’ Whorfian predictions. Language seems to 
have an effect on the structure of perceptual similarity space as suggested by findings 
showing effects of categorisation on perceptual discrimination (Goldstone, 1994a) and 
perceptual similarity space (Livingston, Andrews and Harnad, 1998; Kay and 
Kempton 1984). Claims that perceptual space is ‘warped’ as a result of the 
classifications we make (Harnad, 1987; Livingston, Andrews and Harnad, 1998) find 
support particularly from Experiment two. It could be argued that categorising colours 
in the blue region has resulted in ‘stretching’ effects in the colour similarity space of 
Turkish speakers. This is not implausible given that this kind of categorical 
identification learning takes place over a lifetime, since such effects can also result 
from relatively short laboratory training (Goldstone, 1994a; Livingston et al. 1998). 
The next task of the present thesis is to explore whether the perception of colour 
allows such flexibility.
1 The term ‘dominant’ is used, as described in the previous chapter, for the most frequent term used to 
describe a given colour offered by at least 50% of a sample of informants.
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Chapter four
Acquisition of Categorical Colour Perception
4.1. Introduction
The present thesis has so far found evidence suggesting that perception of colour 
differences may be influenced by language, particularly across category boundaries. It 
was argued that learning to categorise stimuli correctly while acquiring language 
skills might have ‘warping’ effects on perceptual colour space. Livingston et al. 
(1998) outline different mechanisms that can underlie such effects. These are 
increased sensitivity to differences between stimuli crossing category boundaries, 
decreased sensitivity to differences between same-category stimuli, or both. The 
evidence suggested that the first of these mechanisms (cross-category expansion) 
might be operational for the blue-region judgements of Turkish speakers. Such 
variation in sensitivity between category focal and boundary areas is characteristic of 
colour discrimination (Bornstein and Korda, 1984).
In order to argue that differential sensitisation to colour differences for focal and 
boundary areas might result from linguistically imposed categorisation learning, it is 
necessary to show that colour perception has a degree o f ‘plasticity’ that would allow 
such change. Ample evidence has accumulated since the early perceptual learning 
experiments by Gibson (1969) suggesting that perceptual change can take place as a 
result of training in the laboratory (Sagi and Tanne, 1994; Sowden, 1995; Goldstone, 
1998). In particular, category learning studies show that changes in similarity space 
and in sensitivity to category relevant or irrelevant stimulus features and dimensions 
can be induced through training (Goldstone, 1994a, Livingston et al, 1998; Schyns 
and Rodet, 1997). This chapter investigates whether colour perception shows similar 
plasticity to support the arguments put forward in the present thesis consistent with 
the LRH.
Category effects are found on hue discrimination and memory along existing category 
boundaries as measured by same-different judgements. Boynton etal  (1989) found
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that accuracy on same-different judgements was highest when the colours being 
judged came from different categories. Bornstein and Korda (1984) report that same- 
different discrimination of colours on different sides of the blue-green boundary was 
faster than same-category colours. The proponents of the LRH would argue that such 
boundary effects are caused by experience shaped by the use of linguistic 
categorisation in daily life. The present set of experiments investigated whether 
learning could account for these effects, by training subjects to categorise colours on 
the basis of hue and lightness and testing their same-different judgement performance. 
The main concern of these experiments is whether differential improvement for focal 
and boundary area same-different judgements can occur. A categorisation task that 
requires subjects to attend to stimulus differences straddling the boundary and ignore 
differences within a category might cause such improvement.
If learning is found, it is also necessary to establish whether within-category 
compression, cross-category expansion, or a combination of both is responsible for 
acquired CP effects (Livingston et al, 1998). These mechanisms are also referred to as 
acquired equivalence of within-category areas, and acquired distinctiveness of cross­
category areas of a stimulus dimension (Goldstone, 1994a). While Livingston et al 
(1998) report within-category compression effects resulting from categorisation of 
complex stimuli, Goldstone (1994a) found evidence for cross-category expansion 
effects for simple stimuli varying two-dimensionally. Further, it is possible that 
sensitisation to differences may not be restricted to local, categorisation relevant 
regions, but can spread to the whole range of stimulus variation (Goldstone, 1994a). It 
is also possible that such sensitisation may occur dimensionally. Differential attention 
to a category-relevant dimension may result in acquired equivalence or distinctiveness 
for entire dimensions (Nosofsky, 1986). On the other hand, dimensional sensitisation 
may depend upon whether the categorisation-relevant dimension is ‘analysable’ 
(Lockhead, 1972) independent of the category irrelevant dimension. The second 
experiment of this chapter seeks to investigate this issue by comparing performances 
of hue and lightness based category learners. Hue and lightness are accepted to be 
integral dimensions (Garner, 1974; Burns and Shepp, 1988). Goldstone (1994a) tested 
assumptions of integrality of size, brightness and saturation dimensions, by exploring 
dimensional sensitisation after category learning. The question is, whether it is
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possible to train on a hue-based category without attending to lightness variation and 
vice versa. If so, sensitisation should only be expected to occur for the category­
relevant dimension.
Categorisation stimuli in the present set of experiments varied along hue in two 
regions or hue and lightness dimensions in one region with constant saturation. The 
exemplar learning procedure reported by McLaren (1997) was used. Rather than a 
fixed set of stimuli, training colours varied randomly along both dimensions and fell 
on either side of the category boundary being trained. This was done in order to 
simulate the type of categorisation learning one is likely to go through in the natural 
environment. Further, subjects were not given verbal instructions as to the exact rule 
of categorisation (i.e. “sort yellowish greens from bluish greens”). Instead, they 
learned by trial-and-error from feedback. Training consisted of two stages: context- 
training and single-colour-training. In the former, subjects were able to see the stimuli 
that they already categorised correctly, which made constant comparison of the test 
stimulus with other category members possible. In the shorter second stage, the 
completion of category learning was confirmed by identification without the use of 
comparisons with exemplars. The test phase consisted of a successive presentation 
same-different task.
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4.2. Experiment one: induced CP effects on hue discrimination in two 
regions of colour space
4.2.1. Introduction
The first experiment investigated the acquisition of hue categories. Two experimental 
groups trained to categorise hues in either the blue or the green region of colour space 
over three days. They trained on a hue boundary splitting an existing linguistic 
category occupying each region into two (e.g. yellowish greens vs. bluish greens). 
Experimental and control groups were tested on same-different judgements of hue in 
both regions. Two groups of non-training controls were used. Previous-exposure 
controls were shown the test phase stimulus matrix (see stimuli) and instructed on the 
way same-different trials were constructed. No-previous exposure controls were given 
no information on the stimulus set used. The reason for this distinction is simple. It 
could be argued that learning may be due to the awareness of category learners of the 
nature of stimulus differences. If so, the previous exposure control group should differ 
from no-previous exposure controls, and show improvement comparable to that of the 
experimental groups. Otherwise, discrimination learning could be argued to have 
resulted from repeated practice. In the test phase, pairs of stimuli varying in hue could 
belong to the same (within-category pairs) or different (cross-category pairs) 
experimental categories. Comparisons were made to ascertain whether CP effects 
were induced through hue-based category learning.
It was noted earlier in this thesis that differences are maximised between stimuli 
around the boundary regions, and minimised between those in the focal regions of 
perceptual categories (Rosch, 1975; Harnad, 1987; Pastore, 1987). Further, as pointed 
out above, the trained hue boundary in the present experiment fell on the focal point 
of an existing linguistic category occupying each region. Therefore, the test phase 
cross-category judgements were made on pairs selected from the focal area of each 
existing category (focal blue or focal green). Accordingly, within-category pairs were 
selected from areas of each existing category further towards the boundary 
(‘yellowish greens’ or ‘purplish blues’). Thus, an effect of the existing categories in
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each training region could be higher accuracy for untrained subjects on within- 
category judgements than across. This effect will hereafter be referred to as the 
boundary-over-focus superiority (BFS) effect. The present experiment found 
consistent support for this effect as will be described later. Thus, inducing CP effects 
based on the new category boundary should involve ‘reversing’ the BFS effect. 
Categorisation subjects should become more sensitive to variation in areas where 
differences were previously minimised.
Within and cross-category same-different performances of the control groups were 
compared with the experimental groups in order to investigate ‘compression’ and 
‘expansion’ effects. Overall improvement for judgements along the trained dimension 
and in the trained region was also investigated by comparisons with controls. Finally, 
a test of transfer of learning to the adjacent region (blue to green or green to blue) of 
colour space was carried out in order to gain insight into the nature of the learning. 
Trained region and untrained region performance of experimental groups and controls 
were compared. Finding no transfer to novel stimulus parameters could be considered 
to be indicative of relatively low-level learning (Sowden, 1995). If learning stems 
from an ‘awareness’ of the specific demands of the task, such as the difficulty of 
stimulus differences, or the best strategy required, then subjects should display 
learning effects in an untrained region as well as the trained region. If on the other 
hand, learning is stimulus-specific, then its influence on same-different judgements 
should be unique to the training region. Performance of trained subjects faced with 
novel stimuli would then be equivalent to that of untrained subjects.
Comparisons between category learners and untrained controls, as well as those 
between two groups who categorised in different stimulus regions will be reported to 
explore the specific issues outline above. These are: overall improvement on same- 
different judgements of hue as a result of categorisation training; transfer of learning 
to a different stimulus region; and induced CP effects in the form of a differential 
improvement for pairs of hues straddling a category boundary. Induced category 
effects will be explored further in order to clarify whether compression or expansion 
effects are responsible for these changes.
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4.2.2. Method
Subjects
There were 40 subjects, 14 men and 26 women. They were mostly psychology 
undergraduates, and were paid a fee or course credits for taking part. Their age ranged 
from 18 to 41, with a mean age of approximately 22 years. All subjects had normal 
colour vision as assessed by the City University Color Vision Test (Fletcher 1980).
Stimuli and apparatus
A personal computer running experimental software, and a 15-inch Sony Trinitron 
lOOfs monitor were used. Special software named ‘Color Science Library 2.0’ 
supplied by CGSD was used to reproduce colours on the CRT monitor.
Stimuli in both training and test phases of the experiment were coloured squares 
measuring 5cmx5cm, and were displayed at the centre of the computer screen, against 
a background of neutral grey.
Training phase
Stimuli in the training phase were generated randomly in two regions of colour space: 
blue and green. Figures 4.1 and 4.2 plot in Munsell space, a rectangular area for each 
region, varying in hue (horizontally) and lightness (vertically) where saturation 
(chroma) is kept constant. A hue boundary line, shown as the vertical line at the 
centre of each rectangular area, was chosen for the training task, to fall roughly in the 
centre of the linguistic categories occupying each region (7.5B and 7.5G for the blue 
and green regions respectively). A maximum chroma value that was possible for the 
CRT monitor used at any point within the selection area was identified for each 
region. Thus, constant chroma for blue and green regions was 7.7 and 7.9 
respectively. The shaded areas on either side of the boundary lines, represent points 
that were avoided for stimulus generation (<avoidance range), as the task of 
discriminating between colours with such small differences was shown by pilot 
studies to be too difficult. The range of values avoided across the two sides of the hue 
boundary spanned 0.4 Munsell hue points (i.e. between 7.3G and 7.7G in the green
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region). For each trial in training, a random point anywhere within the rectangular 
area (both hue and lightness varied), except the avoidance range, was selected, and 
then converted into red, green, and blue DAC values, calculated specifically for the 
CRT monitor used in the experiment. It was therefore possible that no combination of 
red-green-blue DAC values was repeated. Subjects were required to learn to separate 
colours falling on different sides of the hue boundary line in a single region, 
disregarding the variation on the irrelevant (lightness) dimension. During the training 
sessions, the colours falling on either side of the boundary line were roughly equal in 
number.
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Emulated Munsell stimuli were constructed for the same-different judgement task that 
followed training, to form a 4x4 matrix of 16 colours in each stimulus region (blue 
and green), varying in hue and lightness (Value) but not in saturation (Chroma). 
Perceptual distances between all adjacent pairs were assumed to be equal according to 
the Munsell system. Figures 4.3 and 4.4 show these matrices using an approximation 
to the actual appearance of the stimuli, and Table 4.1 shows their Munsell codes and 
CIE uniform chromaticity co-ordinates. Horizontal and vertical variations represent 
hue and lightness dimensions respectively. For the blue set, chroma was kept constant 
at 7.7 in line with that used in training. Similarly chroma for the green set was same 
as that used in training: 7.9. These were the maximum possible chroma values that 
were available on the CRT monitor used, for all hue and lightness levels in each 
stimulus set. Pairs of colours differing only in hue were used for the ‘different’ trials 
of the same-different judgement task; only horizontally adjacent pairs were used. The 
vertical line placed centrally in Figures 4.3 and 4.4 represents the hue boundary line 
for the training task in a given region, as described in the training-phase stimuli 
section and shown in Figures 4.1 and 4.2. Stimuli were constructed in such a way that 
half the stimuli in the matrix of 16 were colours from one side of the hue boundary 
line, while the rest fell on the other side of the boundary (columns 1 and 2 versus 3 
and 4). Both stimulus matrices were used for all groups of subjects in the test phase.
Discrimination Test Phase
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Table 4.1 Munsell codes and CIE uniform chromaticity co-ordinates 
of blue and green region stimuli used in the test phase of Experiment 
one (Munsell chroma = 7.7 for blue, 7.9 for green stimuli).
Stimulus Munsell code CIE co-ordinates
region no. hue Value u* V* L*
blue 1 3.75B 5.25 -42.74 -33.49 54.11
blue 2 6.25B 5.25 -38.58 -39.66 54.11
blue 3 8.75B 5.25 -33.86 -43.61 54.11
blue 4 1.25PB 5.25 -28.25 -46.55 54.11
blue 5 3.75B 5.75 -44.30 -33.13 59.17
blue 6 6.25B 5.75 -39.94 -39.49 59.17
blue 7 8.75B 5.75 -34.95 -43.58 59.17
blue 8 1.25PB 5.75 -29.02 -46.58 59.17
blue 9 3.75B 6.25 -45.47 -32.55 64.17
blue 10 6.25B 6.25 -41.13 -39.15 64.17
blue 11 8.75B 6.25 -36.02 -43.47 64.17
blue 12 1.25PB 6.25 -29.83 -46.61 64.17
blue 13 3.75B 6.75 -46.24 -31.78 69.12
blue 14 6.25B 6.75 -42.17 -38.67 69.12
blue 15 8.75B 6.75 -37.11 -43.31 69.12
blue 16 1.25PB 6.75 -30.70 -46.69 69.12
green 1 3.75G 5.25 -42.17 29.61 54.11
green 2 6.25G 5.25 -44.85 21.76 54.11
green 3 8.75G 5.25 -46.34 15.30 54.11
green 4 1.25BG 5.25 -47.45 8.60 54.11
green 5 3.75G 5.75 -42.95 30.93 59.17
green 6 6.25G 5.75 -45.77 22.71 59.17
green 7 8.75G 5.75 -47.37 16.18 59.17
green 8 1.25BG 5.75 -48.68 9.46 59.17
green 9 3.75G 6.25 -43.58 32.12 64.17
green 10 6.25G 6.25 -46.52 23.58 64.17
green 11 8.75G 6.25 -48.21 16.98 64.17
green 12 1.25BG 6.25 -49.64 10.28 64.17
green 13 3.75G 6.75 -44.07 33.18 69.12
green 14 6.25G 6.75 -47.12 24.38 69.12
green 15 8.75G 6.75 -48.89 17.72 69.12
green 16 1.25BG 6.75 -50.35 11.06 69.12
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H ue
3.75B 6.25B 8.75B 1.25PB
Figure 4.3 Stimulus matrix used for same-different judgements in the blue region. 
The colours shown here are rough approximations to the actual stimuli. The numbers 
along the two axes show Munsell codes; perceptual distances between all adjacent 
pairs are assumed to be uniform. The vertical line falling in the centre of the matrix 
represents the hue boundary line, described also in Figure 4.1.
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H ue
3.75G 6.25G 8.75G 1.25BG
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Figure 4.4 Stimulus matrix used for same-different judgements in the green region. 
The colours shown here are rough approximations to the actual stimuli. The numbers 
along the two axes show Munsell codes; perceptual distances between all adjacent 
pairs are assumed to be uniform. The vertical line falling in the centre of the matrix 
represents the hue boundary line, described also in Figure 4.2.
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Procedure
Subjects were allocated into four groups at random: Blue group, Green group, 
Control-1, and Control-2. Table 4.2 summarises all experimental and control 
conditions. Each group consisted of 10 subjects. Subjects in the two experimental 
groups (blue and green groups) completed a categorisation training task over three 
days followed by a discrimination task immediately after the last training session on 
the third day.
Control subjects only completed the discrimination task. Figure 4.5 shows a flow 
diagram describing the experimental design.
Table 4.2. Summary of experimental and controls conditions in Experiment
one. N = 10 for each group.
group Training Test
Previous
Experimental:
Region
Exposure
Blue Group Blue -
Green Group Green -
Control:
Control-1 - ✓
Control-2 - X
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Training Phase
Subjects in the Blue and Green groups completed a categorisation-training task on 
each of three consecutive days, where they learned to categorise along the hue 
dimension around the boundary lines described in the stimuli section (Figures 4.1 and 
4.2). Training consisted of two stages: (1) training in context, (2) single-colour 
training.
Training in context: Subjects were required to make category judgements while 
viewing colours that were correctly categorised in their previous responses for 
comparison. Figure 4.6 shows the training interface for this stage. There was a colour 
in the centre of the screen generated randomly (as described in the stimuli section), 
and 16 ‘slots’ to be filled with the incoming colours, divided into two groups: eight 
slots on each side of the test stimulus. The subject was asked to sort the incoming 
colours into these two groups on the basis of similarity, by ‘dragging and dropping’ 
each test stimulus displayed in the centre into the empty slots on the left or right, 
using the computer mouse. When they correctly filled all 16 slots, a ‘set’ was 
completed and a new one began until the criteria for successful category learning 
were met.
The first trial in each set determined the rules of categorisation for that set. The 
subject was free to place the first colour in a set on either side. Once it was placed on 
the left or right side, all colours from the same experimental category (those from the 
same side of the boundary line for the relevant training regime), as the first colour 
would have to be placed on the same side for a correct response. Similarly, colours 
from the alternative experimental category (other side of the boundary line) would 
have to be placed on the alternative side of the training screen. Subjects were told that 
at the beginning of each set, the test colour could be correctly placed on either side. 
They were instructed that on the second trial of each set, the question that was being 
asked was ‘Is this colour similar enough to the previous one to go to the same side as 
the first colour, or different enough to go to the other side?’
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Figure 4.6 The training interface used in the ‘context training’ stages of 
Experiments 1 to 3. Subjects had to make a category judgement by placing the 
randomly generated colour displayed in the centre of the computer screen in the 
‘slots’ on either side.
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Subjects received immediate feedback during training. If a response was correct, the 
colour remained in the slot that it was placed, if the response was incorrect, then the 
colour was not ‘accepted’ by the slot, and it disappeared with a sound that meant 
‘incorrect’. Subjects were not given specific information on what the categorisation 
was based on, and they had to learn from the feedback in order to complete the 
training phase. As the correct responses accumulated in each set, the number of 
colours for comparison increased.
The criteria for completing the first stage of training were that subjects had to 
complete at least 10 sets, they had to complete at least three ‘perfect sets’ (ones 
without any mistakes), and that they had to train at this stage for at least 20 minutes. 
This stage typically took about 30 minutes.
Single colour training: The second stage of training operated with the same principle 
as that for the first stage, except that here, subjects were not able to see comparison 
colours on the screen. Only the randomly generated test colour appeared in the centre 
of the screen, and the subject was required to categorise in the same way as the 
previous task, by responding ‘left’ or ‘right’ using the appropriate mouse button. 
Feedback was given if a categorisation response was incorrect, by displaying the word 
‘incorrect’, which replaced the colour to which the response was made, accompanied 
by a sound. The criteria for completing this stage were that subjects had to complete 
at least 50 trials, and that they had to give 25 consecutive correct responses. This 
stage typically took about 5 minutes.
Discrimination Test Phase
Subjects in all four groups completed a same-different judgement task where 
discrimination judgements on hue in both the blue and green regions of colour space 
were made. Pairs of colours were displayed successively in the centre of the computer 
screen, where the inter-trial-interval was Is, the duration of the first stimulus was Is, 
and the inter-stimulus-interval was 5s. Stimulus 2 was displayed until the subject 
responded. Figure 4.7 summarises this procedure. The response was made by pressing 
the left mouse button for ‘same’, and the right mouse button for ‘different’.
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All horizontally adjacent pairs in Figures 4.3 and 4.4 (varying in hue) were used, 
which resulted in 4 ‘cross-category’ (column 2 vs. column 3), and 8 ‘within-category’ 
(column 1 vs. column 2, and column3 vs. column 4) ‘different’ pairs in each region. 
There were 128 trials in each region: 32 ‘same’ trials, and 96 ‘different’ trials; each of 
the 16 possible same pairs was repeated twice, while each of the 12 possible different 
pairs was repeated eight times. There were thus a total of 256 trials in the 
discrimination task. The order of presentation of the trials was randomised.
Subjects in the two experimental training conditions (Blue and Green groups)
completed this phase immediately after their last training session on Day 3. They
received no exposure to the discrimination stimuli prior to the task, half of which (the
blue or the green set of stimuli depending on their training region) were already
familiar to them due to their experience in the training phase. Subjects in the control
groups only completed this phase of the experiment. Those in Control-1 were shown
the stimulus matrices in both regions on the computer screen for as long as they
required. They were also shown how ‘same’ and ‘different’ trials were constructed
(“When a pair is ‘different’ the two colours can only be horizontally adjacent in this
r
matrix”). Subjects in the Control-2 group did not receive exposure to the stimulus 
sets. All subjects received a set of 20 practice trials with randomly selected 
experimental stimuli (equally from both sets) before beginning the task. The 
discrimination task typically took about 40 minutes.
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4.2.3. Results
Training Phase \
Table 4.3 shows the average number of trials taken to complete the two stages of 
training on each day across the four training conditions. On the whole, subjects seem 
to have performed around 500 categorisation trials on each day. There appears to be 
no real change across three days in the number of trials, except that the number of 
single-colour training trials seems to have dropped by day three. Mean overall number 
of categorisation trials completed in the training phase of this experiment was 
1560.25.
Discrimination Test Phase 
Scores and analyses
Same-different judgement data were analysed using A', a non-parametric analogue of 
d' (Grier, 1971), calculated by taking correct identification of‘same’ p^irs as hits. 
Table 4.4 shows mean within and cross-category scores in the blue and green regions 
across all six conditions. All analyses reported below are mixed design ANOVA with 
one or both of two within-subjects factors: judgement region (blue vs. green region 
same-different judgements) and categorical description (within-categorv vs. cross- 
category judgements). Presentation of the results will concentrate on testing the 
hypotheses and will address specific parts of the ANOVA as key tests. The between- 
subjects factor(s) varied depending on each analysis. Tukey’s HSD tests were used for 
post-hoc analyses unless otherwise stated.
Table 4.3 Mean number of trials taken to complete two stages of 
training across three days (‘Context’ — context training; ‘Single’ = 
single colour training).
Training condition
Blue Group Green Group
Context 370 379
Day 1 Single 140.5 66.56
Day total 510.5 445.56
Context 388.6 315
Day 2 Single 151.9 71.44
Day total 540.5 386.44
Context 417.6 356.89
Day 3 Single 105.22 49.5
Day total 522.82 406.39
Context 1176.2 1050.89
Total Single 397.62 187.5 ,
Overall 1573.82 1238.39
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Table 4.4. Mean within and cross-category A* on same-different judgements in the 
blue and green regions across all four conditions. N = 10 for each group. Numbers 
in brackets show standard error.
group blue region green region
within-category cross-category within-category cross-category
Blue Group 0.725 (0.024) 0.787 (0.039) 0.672 (0.020) 0.581 (0.038)
Green Group 0.642 (0.033) 0.513 (0.035) 0.715 (0.016) 0.747 (0.031)
Control-1 0.726 (0.023) 0.677 (0.037) 0.613 (0.040) 0.547 (0.039)
Control-2 0.681 (0.024) 0.608 (0.048) 0.634 (0.016) 0.603 (0.022)
Baseline performance
It could be argued that any overall improvement on hue discrimination observed after 
training may simply be due to subjects’ awareness of the level of difficulty and of the 
nature of the stimulus set involved in the task. If so, in the present study, subjects who 
received no training, but were able to view the test stimuli, and were instructed on the 
exact nature of stimulus selection during same-different judgements (Control-1) 
should score higher than control subjects who received no such exposure (Control-2). 
It can be seen in Table 4.4 that little difference between the two groups exists; being 
exposed to the stimuli and instructed on the stimulus selection procedure in same- 
different judgements did not have an effect on subjects’ performance (F (i, is) = 0.075, 
p  = 0.787). Further, there was no interaction between group (Control-1 vs. Control-2) 
and categorical description in either region. The two control groups were therefore 
combined for subsequent analyses.
It can also be seen in Table 4.4 that for controls, judgements in the blue region were 
better overall than those in the green region (F (i, i8)= 8.80,/? < 0.01). Since controls 
did not have any more familiarity with stimuli in the blue region than with those in the 
green region, this difference can only be attributed to inherent differences in 
perceptual distances between the stimulus sets.
109
It was argued in the introduction that judgements of subjects who received no training 
with a given set of stimuli should reveal a superiority for within-category pairs over 
across (referred to as the ‘BFS effect’), since the latter fall in the low-sensitivity focal 
area of an existing colour category (focal blue or focal green). Support for this 
prediction comes from the performance of controls; the main effect of categorical 
description was significant in both blue (F p ,  is> = 6.07, p < 0.05) and green (F (i, is) = 
12.86,p  < 0.01) regions. Within-category pairs were easier to discriminate than cross­
category pairs. This pattern was reflected in the analyses that will follow in various 
forms.
Training effects
Analyses involving the two experimental groups (Blue and Green groups), might 
reveal two main patterns if categorisation training was effective: (1) an overall 
improvement in discrimination that may or may not be region-specific; (2) induced 
CP effects in the form of judgement superiority for pairs that straddle the category 
boundary (across > within).
Improvement effects. Figure 4.8 shows mean A’ scores for Blue and Green groups in 
the blue (left half) and green (right half) regions. It can be seen that the data seem to 
provide support for (1). The Blue group subjects were better at blue region 
judgements than the Green group, while the reverse was true for the green region 
judgements. An ANOVA for the means shown in Figure 4.8 revealed a significant 
interaction between training region and judgement region (F (i, is) = 28.49, p  < 
0.0005); discrimination was superior for the region of colour space where category 
learning took place.
If overall learning occurred during training, controls’ discrimination should also be 
worse than category learners’ trained region performance. Figure 4.9 shows mean 
scores for the two hue categorising groups (Blue and Green) and controls, in the blue 
(left half) and green (right half) regions. It can be seen that for the blue region, the 
Blue group are better overall than controls, and similarly for the green region, the 
Green group have higher scores than controls. These differences between hue 
categorisers and controls were significant for both blue (main effect of condition: Fp,
110
28) = 5.01,/? < 0.05) and the green (main effect of condition. 1,28) = 15.85,/? < 
0.0005) regions.
Transfer of improvement. A related question is whether hue categorisers learned 
anything about the untrained region, in other words, whether any transfer of learning 
occurred to a different stimulus region. Comparisons reported above of the Blue and 
Green groups showed that the Blue group were better than the Green group in the blue 
region, and vice versa. It is not clear from that analysis however, whether category 
learners were any better at untrained region judgements than controls (e.g. whether 
the Blue group were as poor in the green region judgements as controls).
Mean scores for controls and untrained region scores for the category learners (Blue 
and Green groups) are shown in Table 4 . 5 .  It can be seen that little difference exists 
between the green region discrimination performance of the Blue group and that of 
controls, although the former was slightly better (F (i, 28) =  0 . 6 2 ,  p = 0 . 4 3 8 ) .  However, 
the blue region performance of the Green group, was even worse than that of controls 
( F ( 1, 28) =  6 . 8 0 , / ?  <  0 . 0 5 ) .  These findings show at least that improved discrimination 
acquired in categorisation training did not transfer to a novel stimulus region. There is 
also evidence from the blue region analysis that training in one stimulus region made 
discrimination worse in another region.
Table 4,5. Mean within and cross-category A' for controls and category learners in
the untrained region. N = 10 for each group. Numbers in brackets show standard
error.
group Blue region Green region
within-category cross-category within-category cross-category
Controls 0.703 (0.024) 0.642 (0.043) 0.624 (0.03) 0.575 (0.032)
Blue group 0.672 (0.02) 0.581 (0.038)
Green Group 0.642 (0.033) 0.513 (0.035) -
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Induced CP effects. Support for induced CP effects (2) was also found. It can be seen 
in Figure 4.8, that hue categorisers scored higher on cross-category than on within- 
category discrimination for the trained region judgements, while they had higher 
within than cross-category scores for the untrained region (F(i, i8) = 21.43,/? < 
0.0005). This pattern was further supported by two-way ANOVA comparing the Blue 
and Green groups only in one region at a time; the interaction between group and 
categorical description factors was significant for both blue (F <i ,  i8> = 21.43, p  < 
0.0005), and green region judgements (F(i, is> = 7.86, p  < 0.05). It is important to note 
that the reverse pattern of within-across relationships for the untrained region 
judgements tend to support the predicted BFS effect once again. Post-hoc tests 
revealed that while the above interaction was significant, the improvement on cross­
category judgements as a result of category learning did not make these judgements 
significantly better than within-category ones. Although cross-category judgements 
did tend to be better than within, this difference was not significant either for the Blue 
group in the blue region (p = 0.61), or for the Green group in the green region (p = 
0.98). However, it is highly probable that the confirmed BFS effect must play the 
main role in this. Within-category judgements were better than across for the Blue 
group in the green region (p = 0.02), and the Green group in the blue region although 
the latter was not significant (p = 0.19). This pattern was confirmed by a significant 
main effect of categorical description from the analysis of only the untrained region 
judgements (F(i5 i8) = 8.10,/? = 0.011). Further, when only the trained region 
judgements for the Blue and Green groups were analysed, the main effect of 
categorical description was found to be significant (F (i; is) = 8.05, p  -  0.011); cross­
category judgements were significantly better than within for the trained region 
judgements of hue categorisers. Therefore, it seems that cross-category judgements, 
which are generally significantly worse than within for naive subjects, differentially 
improved through category learning. This was also supported by post-hoc tests which 
showed that the Blue group were better than the Green group at blue region cross­
category judgements (p < 0.0005), and the Green group were better than the Blue 
group at green region cross-category judgements (p < 0.0005). On the other hand, 
there was no significant difference between the Blue group and the Green group on 
within-category scores in either region (p = 0.28 for blue, p - 0.9 for green region). 
These final post-hoc analyses also provide evidence for another question investigated
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by the present study. The change seems only to have occurred for the cross-category 
judgements in the form of an improvement: i.e. cross-category expansion, or acquired 
distinctiveness.
Comparisons of hue categorisers and controls in relation to the induced CP 
hypotheses revealed a pattern similar to that reported in earlier analyses above. Cross­
category judgements were better than within category for hue categorisers’ trained 
region performance, while the opposite was true for controls. This trend was 
supported by a significant two-way interaction of group (controls vs. hue categorisers) 
and categorical description, in both blue (F(i;28)= 11.06,/? < 0.005) and the green (F 
(i,28) = 8.72,/? < 0.01) regions.
Post-hoc tests were carried out for separate analyses of blue and green region 
judgements. For the blue region, cross-category judgements by the Blue group were 
better than both within (p = 0.017) and cross-category judgements (p < 0.0005) by 
controls, while the Blue group’s within-category scores were only significantly better 
than controls’ cross-category scores (p = 0.019). This last finding confirms a 
differential improvement shown by category learners on cross-category judgements.
A similar pattern was observed for the green region except that the Green group’s 
within-category judgements were also significantly better than those of controls (p < 
0.001) These final comparisons support the pattern found earlier. Sensitisation 
occurred overall, but particularly for cross-category discrimination (distinctiveness - 
cross-category expansion). No desensitisation was found for within-category 
discrimination (no equivalence - no within-category compression).
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It was predicted that subjects with no category learning experience in a given region 
of colour space would display the boundary-over-focus superiority (BSF) effect 
described in the introduction, caused by existing categories. Indeed, within-category 
pairs (selected from areas further towards the boundary area of pre-existing 
categories) were easier to discriminate than cross-category pairs (focal regions of pre­
existing categories). This effect was consistently demonstrated for all subjects lacking 
training experience in a given region.
The main finding of the present experiment is that category learners reversed this 
pattern. Their cross-category performance in the trained region of colour space tended 
to be more accurate than within-category, unlike controls and unlike the performance 
of the hue categorisation group who trained in the alternate region. Combined analysis 
of the trained region judgements of category learners showed a significant superiority 
of cross-category pairs over within. This finding is opposite to the BFS effect 
mentioned above, suggesting that subjects ‘unlearned’ the effects of existing linguistic 
categories in order to achieve successful acquisition of novel categories. This 
interpretation is consistent with the LRH, suggesting that the effects of linguistic 
categories on discrimination and memory such as those found by Boynton et al.
(1989) and Bornstein and Korda (1984) are not fixed but flexible and can be learned 
or unlearned.
Further, consistent evidence was found for cross-category expansion (acquired 
distinctiveness). In none of the comparisons was there evidence for desensitised 
within-category judgements as a result of category learning, whilst cross-category 
judgements were found to be reliably superior for training-relevant region 
performances of category learners.
Subjects also improved overall on judgements in the region that they trained to 
categorise. Hue categorisers who trained in a given region were more accurate overall 
on judgements in that region than both their own performance in the adjacent region,
4.2.4. Discussion
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and that by the alternate hue categorising group who trained in the adjacent region. 
They also judged differences more accurately in the familiar region than control 
subjects. Post-hoc analyses of comparisons with controls revealed somewhat mixed 
findings on the issue of overall sensitisation. In the green region, category learners 
(the Green group) improved on both within and cross-category judgements compared 
to controls. However, improvement tended to be restricted to cross-category 
judgements in the blue region, although the main effect of group (Blue group vs. 
Controls) was significant. It is possible that this may be due to differences between 
stimulus sets. The present experiment found evidence that green region judgements 
were harder than the blue region for controls. It could be argued that if differences 
between pairs in the blue region were greater (easier to discriminate), just paying 
attention to those around the boundary may have been sufficient. However, the 
smaller (harder) within-category variation might also require attentional weight in the 
green region, leading to a clear overall improvement. This finding seems to support 
the notion that categorisation can lead to sensitisation over an entire dimension 
(Nosofsky, 1986). It is also interesting in the light of findings from the previous 
chapter, where it was found that Turkish speakers judged blue region distances to be 
greater overall than did English speakers. Categorisation might have an effect of 
overall sensitisation along the category-relevant stimulus variation.
Finally, there was no evidence of transfer of learning to a novel stimulus region. Hue 
categorisers showed superior performance for only the trained region judgements. 
They also showed induced CP effects only for the trained region. They performed as 
poorly as non-training controls, and showed the pre-existing BFS effect in the 
untrained region. It seems that learning was stimulus-specific, and not merely task- 
related. However, it could be argued that test of transfer using stimuli closer to the 
training colours, such as those varying only in saturation, may be necessary to find 
support for this claim.
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4.3. Experiment two: speed of acquisition of CP effects
4.3.1. Introduction
Experiment two sought to establish the duration of training necessary for CP effects to 
result, particularly for future applications of the category-learning paradigm in order 
to test further hypotheses. It was shown in the previous experiment that a three-day 
regime was efficient. An interesting question concerns just when these effects first 
emerge. Kami and Sagi (1993) report evidence suggesting that a rapidly saturating 
improvement in visual discrimination takes place early in training but improvement 
continues at a more stable rate in the following sessions. While the early, ‘fast’ 
learning transferred from a trained eye to the other, this was not the case for the 
session-to-session improvement, indicating low-level learning taking place in the 
latter. The present experiment will explore this issue of the time course of the 
acquisition of CP effects. Further, for practical considerations, it would be useful to 
demonstrate the effectiveness of a shorter regime than one used previously. Thus, the 
same training paradigm was used over two days instead of three, with a test phase 
before and after each training session. Two questions were asked: is a two-day regime 
enough to induce CP effects; and if so, when does the change first occur? Tests of 
discrimination improvement and CP effects will be made in a comparable fashion to 
Experiment one.
4.3.2. Method
Subjects
Sixteen subjects with an age range of 18 to 35 years, and a mean age of 25;7 years 
took part. They were mostly psychology undergraduates and received either course 
credits or money in return for their participation. All subjects had normal colour 
vision as assessed by the City University Color Vision Test (Fletcher 1980).
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Training and test phases were carried out only in the green region. Therefore, 
apparatus and stimuli used were identical to those used for the green region hue 
training and for the green region same-different judgements in Experiment one.
Procedure
Subjects were allocated randomly into two groups: Category Learners and Controls. 
On each of two consecutive days, subjects in the category learners (CL) group 
completed categorisation training identical to that completed by ‘green hue 
categorisers’ in Experiment one. They also completed a same-different judgement 
discrimination task, immediately before and after category training. The 
discrimination task was also the same as that described in Experiment one, except that 
only the green region stimulus matrix was used, which reduced the number of trials 
by half and made it easier for the subjects to complete the task twice in each session 
as described above. Control subjects received no training and completed the 
discrimination task only once. They were shown the stimuli prior to the start of the 
same-different judgement task in the same way as Previous-exposure Control (PEC) 
group in the previous experiment. Subjects completed a set of 20 practice trials with 
the experimental stimuli before beginning the task for the first time.
4.3.3. Results
I
Training phase
Training on each of the two days showed a similar pattern to that described in 
Experiment one, and therefore will not be described here in detail.
Pre and post-training discrimination test phase
Table 4.6 shows mean within and cross-category A' scores in pre and post-training 
discrimination test phases across two days, along with control subjects’ performance 
on the same task. It can be seen that for categorisation learners, on the first day, 
within and cross-category scores were similar in both pre and post training test 
phases, while on the second day cross-category scores tended to be higher than 
within-category scores.
A pparatus a n d  Stim uli
119
Separate mixed design ANOVA for each of the two test phases on two days were 
carried out to compare Categorisation Learners (CL) performance to that of control 
subjects, with a single within-subjects factor of categorical description (within and 
cross-category), and a between-subjects factor of group (CL and controls). Once 
again, results will focus on addressing the particular questions outlined earlier. 
Tukey’s HSD procedures were used for post-hoc comparisons.
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Table 4.6. Mean within and cross-category A' on same-different judgements for 
Category Learners across two days and Controls. N = 8 for each group. Numbers in 
brackets show standard error.
Categorical
group Day 1 Day 2
description
pre-training post-training pre-training post-training
Category within 0.69 (0.04) 0.70 (0.03) 0.68 (0.02) 0.71 (0.05)
learners across 0.69 (0.03) 0.73 (0.05) 0.76 (0.03) 0.75 (0.05)
Controls
within
across
0.66 (0.03) 
0.62 (0.02)
Day one
For day-one pre-training performance, where both CL and controls were equally 
unfamiliar with the discrimination test task, there were no significant main effects or 
interactions; CL and controls showed equivalent performances as expected, and 
within and cross-category scores were similar. For the post-training performance on 
the same day the pattern was very similar; although some improvement in overall 
discrimination performance led to a near-significant main effect of group (F (1, 14) =
3.14, p = 0.098).
Day two: pre-training
On day two, CP effects were observed for CL even in the pre-training phase, which 
was separated from the post-training phase of day-one only by time and not any 
additional training; there was a significant interaction between categorical-description 
and group (F (1, 14) = 14.78, p < 0.01). Post-hoc tests showed that cross-category 
judgements by category learners were significantly better than both within-category 
judgements by them (p = 0.01), and within and cross-category judgements by controls 
(p < 0.01 for both comparisons). This finding suggests that CP effects were induced 
only after one day’s training, but were ‘concealed’ in the post-training test phase of 
the first day. This issue will be taken up in discussion. Further, overall hue
121
discrimination by CL that was shown to have improved somewhat at the end of the 
first day, was found to be significantly better than that by controls at the beginning of 
the second day; the main effect of group was significant (F (1, 14) = 5.51, p < 0.05).
Dav two: post-training
A similar pattern was observed for the post-training test phase of the same day; the 
interaction between categorical description and group (F (1, 14) = 5.50, p < 0.05) was 
still significant, although the main effect of group failed to reach significance (F (1, 
14) = 2.69, p = 0.12). Despite the latter finding, post-hoc tests revealed that cross­
category judgements by CL were significantly better than both types of judgements by 
controls (p < 0.01 for both comparisons), and within-category judgements by CL were 
significantly better than only the cross-category judgements by controls (p < 0.01). 
The difference between within and cross-category judgements at the end of the second 
day failed to reach significance in a post-hoc comparison (p = 0.35), which seems to 
support the suggestion that fatigue effects may play a role in disrupting the effects of 
category learning in the test phase.
4.3.4. Discussion
Category effects seem to have emerged after just one day (around 500 training trials), 
suggesting a relatively fast learning taking place. Induced CP effects were evident at 
the start of the second day, and again at the end of it. However, it was not possible to 
detect them at the end of the first day. An explanation might be that subjects suffer 
from fatigue after first day’s intensive training, blocking the effects of learning. On 
the other hand, consolidation of the acquisition of a perceptual skill can take place 
during sleep (Kami & Sagi, 1993; Kami, Tanne, Rubenstein, Askenasy and Sagi, 
1994). Kami et al (1994) found that training on a visual discrimination task leads to 
improvement on the day following training if subjects get a normal night’s sleep, 
compared to those whose REM sleep periods were disrupted. The present set of 
results is consistent with such consolidation effects.
It seems that CP effects can be induced after one day’s training, although they are 
detectable on the second day. The use of a somewhat modified training design, which 
allows faster applications of the paradigm, may thus be possible. Experiment three of
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the present chapter implements such a modification of the training regime on the basis 
of these results. An intensive training regime is used on the first day to maximise 
learning that takes place within the first session. This is followed by a shorter 
‘reminder5 training session at the start of the second day, after which the assessment 
takes place.
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4.4. Experiment three: induced CP effects on hue and lightness
4.4.1. Introduction
Colour categories can be defined by lightness variation as well as hue. For example, 
colours can only be named ‘yellow’ if they have a high lightness value; the only 
BCTs that have examples across all lightness levels are ‘blue’ and ‘green’ (Boynton 
& Olson, 1987). Chapters two and three presented support for the claims of a twelfth 
term in Turkish for basic status - lacivert ‘dark blue’. It was argued that this extra 
derived term seems to be the fuzzy intersection of the Kay & McDaniel (1978) FNRs, 
b l u e  and B L A C K .  The present experiment investigates whether the effects of colour 
categories can be induced through training when categorisation is based on lightness 
variation.
In Experiment one, transfer of learning was explored by comparing performance in 
the trained region of colour space to that in an adjacent stimulus region. No transfer 
was found, suggesting a relatively low-level learning. Transfer can also be tested 
comparing performance on two separate dimensions of the same set of stimuli, when 
only one of the dimensions is relevant for categorisation. Evidence suggests that high- 
level attentional mechanisms can be important in perceptual learning. Improvement 
on line orientation discrimination does not occur for subjects who attend to the 
brightness of the lines rather than orientation (Shiu and Pashler, 1992). Ahissar and 
Hochstein (1993) found that subjects who practice discrimination using different 
stimulus attributes (target location vs. background shape) show improvement but no 
transfer to discrimination on the basis of the alternate stimulus attribute. However, 
learning for vernier acuity can take place independent of attention (Weiss, Edelman 
andFahle, 1993).
In Experiment three, both hue and lightness-based categorisation groups were used, 
and the same-different judgement performance was assessed on both dimensions in a 
single region. Such a design allows investigation of the effects of categorisation on a 
category-irrelevant dimension. Goldstone (1994a) outlines two main ways in which
entire dimensions may be affected by categorisation. First, only the category-relevant
v
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dimension might acquire distinctiveness, by selective attention being placed on that 
dimension independent of the category-irrelevant dimension. Second, the category- 
irrelevant dimension might acquire equivalence. This could happen if processing of 
one dimension is facilitated by ignoring variation on the other. Thus, hue categorisers’ 
lightness judgements may become less accurate than controls, or vice versa.
On the other hand, if two dimensions are ‘integral’, processing one dimension during 
category learning may not be independent of variation on the other dimension 
(Gamer, 1974; Lockhead, 1972). Colour is considered to be a prime example of 
integral (or non-analysable) stimuli (Shepard, 1964; Burns and Shepp, 1988). 
Phenomena such as the Bezold-Briicke effect (Boynton and Gordon, 1965) also 
suggest a non-independent relationship between different attributes of colour. If hue 
and lightness are integral dimensions, then categorising colours on the basis of hue 
disregarding lightness information might not be possible. In this case, dimensional 
sensitisation might be observed for both dimensions: improved same-different 
performance for both category-relevant and irrelevant dimensions. Thus, Experiment 
three may clarify the dimensional relationships between hue and lightness.
The method used for stimulus selection is somewhat different in the present 
experiment. It was found in previous experiments that same-different judgement 
sensitivity was worse in the focal regions of existing categories than further towards 
the boundary regions (the BFS effect). This was found for hue differences of equal 
Munsell steps. In Appendix-I, CIE L* u* v* uniform chromaticity space Euclidean 
distances between pairs of hues used in the previous experiments of this chapter are 
presented. It can be seen that CIE distances are smaller for pairs in the centre of 
existing categories (pairs that crossed the experimental category boundary), than those 
towards the boundaries (experimental within-category pairs). It is possible therefore 
to suppose that using CIE distances may eliminate these effects since CIE predicts 
this tendency in Munsell. Pilot work suggested that the use of equal CIE L* u* v* 
distances between pairs of hue produces equivalent discrimination behaviour across 
the focal and boundary areas of existing categories. The present experiment therefore 
uses a new stimulus set for the test phase in the green region constructed using CIE
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distances. Pairs from the same or different experimental hue categories are thus likely 
to be judged equivalently by controls.
Comparisons between category learners and untrained controls, and between subjects 
who categorised on different dimensions (hue vs. lightness) will be made to 
investigate the specific issues outlined above. These are: overall improvement on 
judgements along the trained dimension; transfer of improvement to a separate 
stimulus dimension, and induced CP effects in the form of a differential improvement 
for pairs of hue or lightness straddling the experimental category boundary. This final 
issue will also be further explored in order to assess whether compression or 
expansion effects are responsible for the changes.
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4.4.2. M ethod
Subjects
Thirty subjects with an age range of 18 to 41,and a mean age of 21;6 years took part. 
They were mostly psychology undergraduates at the University of Surrey, and 
received course credits for their participation. All subjects had normal colour vision as 
assessed by the City University Color Vision Test (Fletcher 1980).
Apparatus and Stimuli
Apparatus used were identical to those used in Experiment one of the present chapter. 
The training phase was carried out only in the green region, and stimulus generation 
followed rules identical to those in the corresponding phase of Experiment one with 
the exception that here there was also a lightness boundary. Figure 4.10 shows the 
rectangular random generation area for the training stimuli in a comparable way to 
Figure 4.2, which described stimulus generation in the same region in the 
corresponding phase in Experiment one. The difference is that half the sample 
classified stimuli on the basis of the hue boundary (disregarding variation on 
lightness), while the rest categorised along the lightness boundary. All stimulus 
parameters of the hue categorisation task were the same as before. The lightness 
boundary fell on Munsell value 6. The range of lightness variation was between 
Munsell value 5.25 and 6.75 (a range of 0.75 in Munsell value on either side of the 
boundary). The range of lightness values avoided spanned 0.04 Munsell value points 
on the two sides of the boundary (between Munsell value 5.98 and 6.02).
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For the discrimination test phase, like in Experiment one, a 4x4 matrix of 16 stimuli 
was constructed, to be displayed on the CRT monitor. An approximation to the actual 
appearance of the stimulus matrix can be seen in Figure 4.11. Unlike Experiment one 
however, perceptual distances between levels of hue were calculated using CIE L* u* 
v* uniform chromaticity space co-ordinates. Stimuli were chosen so that there was a 
three-dimensional Euclidean distance of approximately 6 between each pair of 
adjacent stimuli varying in hue (equal to a Munsell hue index difference of 
approximately 2 [e.g. 3B to 5B]). This was done as follows. In order to keep hue 
levels constant across all four lightness levels (along the same column) a constant 
Munsell hue level was chosen for a given column. As described earlier, the hue 
boundary line in category learning was 7.5G. The hue levels 2 and 4 were equally 
distant to the boundary on either side. Thus, these levels were chosen so that stimuli 
sharing either of these hue levels were all approximately 3 units away from the 
boundary in CIE L* u* v* terms. The next columns (hue levels 1 and 4) were chosen 
to fall 6 units further away from the boundary than the previous columns (2 and 4).
For pairs varying in lightness, Munsell ‘value’ was used to ensure perceptual 
uniformity in the same way as in Experiment one. Munsell codes were also used to 
define parameters like the boundary lines for hue and lightness (7.5G for hue 
boundary as in Experiment one, and value 6 for the lightness boundary). Table 4.7 
shows CIE L* u* v* co-ordinates and the corresponding Munsell codes of the stimuli. 
Horizontal and vertical axes represent hue and lightness dimensions respectively. The 
lines crossing the centre of the matrix represent the hue (vertical line) and lightness 
(horizontal line) boundaries introduced in training. Thus, stimuli in columns 1 and 2 
belonged to a different hue category to those in columns 3 and 4, and similarly stimuli 
in rows 1 and 2 were from a different lightness category to those in rows 3 and 4.
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Table 4.7 Munsell codes and CIE uniform chromaticity co-ordinates 
of stimuli used in the test phase of Experiment three (Munsell 
chroma = 7.9).
Stimulus Munsell code CIE co-ordinates
number hue Value u* V * L*
1 4.48G 5.40 -43.50 27.27 55.62
2 6.40G 5.40 -45.25 21.66 55.62
3 8.65G 5.40 -46.62 15.83 55.62
4 0.9BG 5.40 -47.69 9.84 55.62
5 4.48G 5.80 -44.16 28.17 59.67
6 6.40G 5.80 -45.96 22.41 59.67
7 8.65G 5.80 -47.40 16.52 59.67
8 0.9BG 5.80 -48.62 10.52 59.67
9 4.48G 6.20 -44.70 29.00 63.68
10 6.40G 6.20 -46.56 23.10 63.68
11 8.65G 6.20 -48.07 17.17 63.68
12 0.9BG 6.20 -49.37 11.17 63.68
13 4.48G 6.60 -45.14 29.75 67.64
14 6.40G 6.60 -47.07 23.74 67.64
15 8.65G 6.60 -48.64 17.76 67.64
16 0.9BG 6.60 -49.97 11.78 67.64
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Hue
4.48G 6.40G I 8.65G 0.90BG
Figure 4.11 Stimulus matrix used for same-different judgements in Experiment three. 
The colours shown here are rough approximations to the actual stimuli. The numbers 
along the two axes show Munsell codes; perceptual distances between all adjacent 
pairs are assumed to be uniform. The vertical and horizontal lines falling in the centre 
of the matrix represent the hue and lightness boundary lines respectively, described 
also in Figure 4.10.
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Procedure
Subjects were allocated randomly into three groups: ‘Hue Categorisers’ (HC), 
‘Lightness Categorisers’ (LC), and ‘Controls’. Each group thus consisted of 10 
subjects. Subjects in the two experimental groups (HC and LC) completed a 
categorisation training task over two days, which was followed by a discrimination 
task immediately after the last training session on the second day. Control subjects 
only completed the discrimination task.
Training Phase
The training task was the same as that used in Experiment one. Hue and lightness 
categorisers both trained to categorise randomly generated colours from the same 
rectangular area (Fig. 4.10) in the green region into two groups of colours. Categories 
were defined by the hue boundary line for HC, and by the lightness boundary line for 
LC.
On Day 1, subjects in HC and LC completed an ‘intensive training’ phase where they 
completed a single day’s training regime described in Experiment one twice with a 
five-minute rest in between. Day 1 training typically took around 50 minutes.
On Day 2, subjects completed a ‘reminder training’ phase, where they repeated the 
training they received on Day 1 with less stringent criteria. This was done in order to 
avoid the fatigue effects on the test phase performance, suggested by the findings of 
Experiment two. For the ‘context-training ’ stage, only two perfect sets were required; 
the minimum number of sets to be completed was 5, and the minimum length of time 
to be spent was 10 minutes. The second stage criteria of training were identical to that 
of the previous day. This phase of training was typically over in about 15 minutes.
Discrimination Phase
All subjects completed a discrimination task that was identical to that used in 
Experiment one, except that here, same-different judgements were in the green region 
alone and were on both hue and lightness. Thus in the stimulus matrix shown in 
Figure 4.11, both horizontally (hue) and vertically (lightness) adjacent pairs were
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used. For both hue and lightness dimensions, there were 8 within-category 
(columns/rows 1-2 and 3-4) and 4 cross-category (columns/rows 2-3) pairs. Trials 
were presented in blocks, within which all ‘different’ pairs varied on the same 
dimension. There were 4 blocks of trials, 2 for each dimension. Each of the twelve 
‘different’ pairs was repeated twice, and each ‘same’ pair was shown once within 
each block of trials. This resulted in 80 (48 ‘different’ and 32 ‘same’) trials per 
dimension. The order of presentation for different blocks and that for trials within 
each block were randomised.
Subjects in HC and LC groups completed this phase immediately after the ‘reminder 
training’ on the second day, while control subjects completed the task after viewing 
the stimulus matrix in the same way as in Experiment one. All subjects received a set 
of 20 practice trials with the experimental stimuli before beginning the task. Subjects 
typically took around 30 minutes to complete the same-different judgements task.
4.4.3. Results
Training phase
Training data revealed a similar pattern to that reported in Experiment one, and will 
not be reported here in detail.
Discrimination test phase
A' Scores were calculated from same-different data as in previous experiments. Mean 
within and cross-category scores for all three groups of subjects on hue and lightness 
dimensions are shown in Table 4.8.
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Table 4.8. Mean within and cross-category A1 scores along the hue and lightness
dimensions across three groups of subjects. N = 10 for each group. Numbers in 
brackets show standard error.
group
categorical Hue Lightness
description Judgements Judgements
Hue Categorisers
within
across
0.68 (0.04) 
0.78 (0.03)
0.74 (0.02) 
0.77 (0.03)
Lightness Categorisers
within
across
0.70 (0.03) 
0.62 (0.05)
0.72 (0.04) 
0.80 (0.03)
Controls
within
across
0.65 (0.02) 
0.65 (0.03)
0.68 (0.03) 
0.65 (0.02)
Overall (dimensional) improvement and transfer
Figure 4.12 plots mean within and cross-category scores on hue (left half) and 
lightness (right half) judgements for HC and LC only. It can be seen that lightness 
judgements tended to be better overall than hue judgements regardless of subjects’ 
training dimension. This was supported by a significant main effect of judgement 
dimension (hue judgements vs. lightness judgements) (F (i, is) = 7.31, p  < 0.05), and a 
non-significant interaction of group (HC vs. LC) and judgement dimension (F (i, i8) =
2.57, p  -  0.13), when only the two training groups were compared.
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The main effect of judgement dimension could be due to perceptual distances being 
greater between lightness pairs than those between hue pairs in the stimulus set used. 
If this was the case then a similar main effect of judgement dimension should be 
observed when data from only the control subjects are analysed. It can be seen in 
Table 4.8 (and also in Figure 4.13) that performance on lightness judgements was 
very similar to that on hue for control subjects. This was supported by a non­
significant main effect of judgement dimension (F (i, 9) - 0.53, p  -  0.5). This finding 
suggests that the reason for lightness judgements to be better overall than hue 
judgements for categorisation learners (HC and LC) was not due to inherent 
properties of the stimulus set used. In addition control subjects did not perform 
differently on within and across trials; the main effect of categorical description was 
not significant (F -  0.5). This finding supports the prediction outlined in the 
introduction that perceptual distances calculated in CIE L* u* v* compensate for the 
BFS effect found in Experiment one.
An alternative explanation might be that transfer of learning on one dimension to 
another is asymmetrical. That is, hue categorisers may have improved discrimination 
for both hue and lightness dimensions while lightness categorisers may have been 
sensitised only for the lightness (trained) dimension. Two two-way related ANOVAs 
were carried out, one for HC and one for LC, in order to test whether transfer of 
improvement occurred for HC but not for LC. The main effect of judgement 
dimension was significant for lightness categorisers (F(i,9) = 12.37,/? < 0.01), but it 
was not significant for hue categorisers (F(ij9) = 0.48,/? = 0.5). Lightness categorisers 
were better at lightness judgements than hue judgements, whereas hue categorisers 
were equally good at both types of judgement. This finding is consistent with the idea 
of an asymmetrical transfer of dimensional sensitisation.
Finally, to test dimensional sensitisation, it is also necessary to establish whether 
categorisation learners were better than control subjects on at least the trained 
dimension. Figure 4.13 shows a comparison of HC with controls on hue (left half) and 
lightness (right half) judgements. It can be seen that HC had higher scores overall 
than control subjects (F(i, is) = 10.29,/? < 0.01), and this was not restricted only to the
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trained (hue) dimension (interaction of judgement dimension and group not significant 
[F(i, is) = 0.05, p = 0.82]). This result is in line with the above finding that hue 
categorisers had improved discrimination for both hue and lightness judgements. A 
similar comparison between lightness categorisers (LC) and controls is summarised in 
Figure 4.14. It can be seen that lightness categorisers tended to have higher scores for 
lightness judgements than controls, while this was not the case for hue judgements. 
This was supported by a non-significant main effect of group (F p, i8) - 2.84, p - 
0.11), and a significant interaction between group and judgement dimension (F p ,  i8) =
5.57, p < 0.05) when both hue and lightness scores were analysed. For lightness 
judgements alone, lightness categorisers were significantly better than controls (F p ,  
is) = 8.42, p = 0.01), while on hue judgements lightness categorisers and controls 
performed very similarly (no main effects or interaction).
To summarise, both hue and lightness categorisers had improved discrimination for 
judgements on the trained dimension. However, only hue categorisers showed transfer 
of this learning to the untrained lightness dimension. There was no evidence of 
acquired equivalence; judgements were not worse than controls for any comparison.
Induced dimension-specific CP effects
It can be seen in Figure 4.12 that for hue judgements, hue categorisers had higher 
cross-category than within-category scores, while the reverse is true for lightness 
categorisers. Similarly, lightness categorisers had higher cross-category than within 
category scores for the lightness judgements, and although the same was true for hue 
categorisers this difference was reduced for them. This pattern was supported by a 
significant interaction of categorical description (within vs. across), judgement 
dimension, and group, when only HC and LC were compared (F p, i8) = 1.52, p  < 
0.05).
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Separate analyses were also carried out for hue and lightness judgements. For hue 
judgements, the interaction between group and categorical description was significant 
( F ( i ,  is) =  1 2 . 1 8 , p <  0 . 0 1 ) ;  HC had higher cross-category than within-category scores, 
while the reverse was true for LC. Post-hoc comparisons for this analysis showed that 
cross-category judgements by HC were significantly better than within-category ones 
(p< 0 . 0 5 ) ,  and they were significantly better than both within (p <  0 . 0 5 )  and cross­
category (p < 0 . 0 1 )  judgements by LC. No difference between HC and LC was 
observed on within-category judgements of hue. These findings are consistent with 
cross-category expansion being responsible for induced CP effects.
For lightness judgements however, the interaction between group and categorical 
description was not significant (F (1, 18) = 0.78, p = 0.39); although LC did have 
higher cross-category scores than within-category, HC displayed the same pattern, 
though somewhat reduced. This was supported by a significant main effect of 
categorical description (F (1, 18) = 4.78, p < 0.05) for lightness judgements. Post-hoc 
tests revealed that this £across > within ’ pattern was not significant for either HC (p = 
0.37) or LC (p = 0.17). A less conservative test (LSD planned comparison) supported 
the induced-CP-effects predictions. Within and cross-category scores on lightness 
judgement were not significantly different for hue categorisers (p = 0.37). However, 
cross-category judgements were significantly better than within-category for lightness 
categorisers (p < 0.05). No difference between HC and LC was observed on within- 
category judgements of lightness. This once again suggests that as was the case for 
hue categorisers, cross-category expansion effects resulted from lightness 
categorisation.
Comparing controls and categorisation learners is also important in the test of induced 
CP effects. Figure 4.15 shows mean within and cross-category scores on hue 
judgements for hue categorisers and controls (left half), and those on lightness 
judgements for lightness categorisers and controls (right half). It can be seen that 
subjects in the category learning conditions have higher cross-category than within- 
category scores for same-different judgements of stimulus pairs that varied along the 
trained dimension, while control subjects do not display such a pattern.
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A comparison of hue categorisers and controls for the hue judgements revealed a 
near-significant interaction between group and categorical description (F (1, 18) =
4.14, p = 0.057); hue categorisers tended to be better on cross-category judgements 
than within-category, while the two types of judgement were virtually identical for 
controls. Post-hoc comparisons using Tukey’s HSD test showed that the superiority of 
cross-category judgements by HC over their within-category judgements just failed to 
reach significance (p = 0.051). Further, cross-category judgements by HC were 
significantly better than both within and cross-category judgements (p < 0.01 for both 
comparisons) by controls. Within-category scores of the two groups did not differ 
significantly. Again, categorical perception effects seemed to have resulted from 
cross-category expansion (acquired distinctiveness) rather than within-category 
compression (acquired equivalence).
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A comparison between lightness categorisers and controls revealed a similar pattern. 
The interaction between group and categorical description (F ^  i8> = 4.60,p  < 0.05) 
was significant; lightness categorisers were better at cross-category judgements than 
within, while this tendency was not observed for controls. Tukey’s HSD analyses 
showed that while the difference between lightness categorisers’ within and cross­
category scores was not significant (p = 0.17, as reported above), their cross-category 
scores were significantly better than both within (p < 0.05) and cross-category scores 
(p< 0 .01) of controls. Newman-Keuls post-hoc test procedure found the within-across 
difference for lightness categorisers also to be significant (p < 0.05). Moreover, 
within-category performances by the two groups were once again equivalent; cross­
category expansion effects seem to underlie CP effects.
4.4.4. Discussion
The so-called BFS effect was muted by the use of a different perceptually uniform 
space to Munsell. Euclidean distance calculations between points in the CIE L* u* v* 
uniform chromaticity space resulted in equivalent behavioural data across equal 
distances, as predicted in introduction. This eliminated the effects of the existing 
categories on the test phase performance in the present experiment.
Both hue and lightness-based category learning resulted in differential improvement 
for judgements of colours crossing the category boundary. CP effects in colour were 
induced for category foci separated along the lightness dimension as well as hue. This 
finding is consistent with the lightness-based extra BCT in Turkish, encoding dark 
shades of blue, affecting the structure of colour similarity space of its speakers.
In addition, consistent evidence was found across all comparisons, suggesting that CP 
effects result from cross-category expansion (acquired distinctiveness). Categorisation 
learners on a given dimension had higher cross-category scores in comparison to other 
groups, while no corresponding differences existed on within-category scores. No 
evidence of within-category compression (local acquired equivalence) was found. 
These results are consistent with findings reported by Goldstone (1994a).
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Interesting findings emerged from Experiment three in relation to the issue of 
dimensional sensitisation. No evidence for the acquired equivalence of an entire 
dimension was found. Category learners were not less accurate on the category- 
irrelevant dimension than were controls. On the other hand, acquired distinctiveness 
for the category-relevant dimension was observed for both hue and lightness 
categorisers. Most interestingly, hue categorisers had improved judgements on both 
hue and lightness dimensions while lightness categorisers improved only on lightness 
judgements. The latter finding is consistent with perceptual learning findings, which 
suggest that attention plays an important role in perceptual learning (Shiu and Pashler, 
1992; Ahissar and Hochstein, 1993). The discrimination improvement shown by 
lightness categorisers did not transfer to differences on the hue dimension, which they 
did not attend. However, this attentional explanation does not account for the finding 
that hue learning transferred to lightness. It is possible, that this could be due to an 
asymmetrical relationship of integrality (Garner, 1974; Lockhead, 1972) between hue 
and lightness dimensions of colour. Attending to (category-relevant) hue variation in 
the presence of (category-irrelevant) lightness variation results in sensitisation to 
lightness. This may be because subjects were not able to extract hue information 
independently of lightness variation. However, the reverse was not true. Subjects, 
who attended to lightness in the presence of an irrelevant hue variation, did not seem 
to have improved hue sensitivity. It is possible to argue that they were able to extract 
lightness information without having to attend to hue. These results are consistent 
with the findings reported by Burns and Shepp (1988). They instructed their subjects 
on dimensional relations by using clearly analysable (height and width of a rectangle) 
as well as integral stimuli (hue, lightness, and saturation dimensions of colour). After 
making sure that their subjects understood dimensional relations they used a triad 
classification task in which subjects were asked to pick the two stimuli that shared a 
dimensional value. They found that while subjects were able to do this for lightness 
and saturation against hue, the reverse was not true. They were not able to extract hue 
information against lightness or chroma. This asymmetrical pattern was also true for 
professionals who knew the Munsell system very well. It is therefore possible that 
transfer of learning to a stimulus dimension different from the one trained, occurs 
only if the two dimensions are non-analysable. In the case of lightness, attentional
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mechanisms seemed to play a role in producing perceptual learning as suggested by 
earlier research (Shiu and Pashler, 1992; Ahissar and Hochstein, 1993).
4.5. General discussion of Experiments one to three
The evidence reported in the present chapter is consistent with the possibility that 
category effects in colour discrimination and memory like those reported by Bornstein 
and Korda (1984) and Boynton et al, (1989) are acquired through learning. 
Experiments one to three showed that it was possible to induce CP effects on same- 
different judgements through a relatively fast learning regime based on hue as well as 
lightness categorisation. Further, the effects of existing colour categories on same- 
different judgements can be reversed through training. For untrained controls, equal 
Munsell hue differences across a given region result consistently in superior 
judgements for boundary over focal areas of the linguistic category occupying that 
region. After training on a new category boundary in a previously focal area however, 
this pattern is reversed. In other words, subjects display the effects of new categories 
at the expense of the effects of existing categories. Stimulus differences previously 
‘played down’ or altogether ignored, become important and sensitised.
These findings are consistent with the LRH. Colour term acquisition could be viewed 
as a similar process of categorisation learning that takes place over a much longer 
time. If so, it might be that boundary effects are acquired through this process as they 
were in the present set of experiments. This mechanism can explain Whorfian effects 
on Turkish colour similarity space reported in Chapter three, as well as those found in 
earlier studies (Kay and Kempton, 1984; Davies et al., 1996; Roberson, Davies and 
Davidoff, 2000).
Goldstone (1994a) proposes that category learning results in dimensional sensitisation 
specifically at category-relevant locations. This argument provides a possible 
mechanism underlying the present results. In comparison to a within-category pair, 
the difference between a cross-category pair of colours becomes salient, or 
‘important’ because of its relevance to the training task demands. Identifying the 
correct category of stimuli during training can be achieved by comparison with a
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representation of the trained category boundary. Receiving feedback on each trial 
adds to the stability of the location of this representation along the category relevant 
dimension, or shifts its position accordingly, particularly in the initial stages of 
training. As training progresses, identification errors are increasingly restricted to 
stimuli that are close to the boundary representation. For colours that are very close to 
the boundary, correct categorical identification occurs when a difference is detected, 
between the point that the stimulus occupies and the point at which the boundary 
representation is formed. This difference thus becomes important. Such emphasis 
along with repeated practice and exposure results in sensitisation to differences in the 
boundary area. This can be detected on a subsequent same-different judgement task, 
where accuracy in judging the differences between pairs of colours crossing this 
boundary is improved. This mechanism is consistent with the effect of category 
learning on perceptual space proposed by Livingston et al. (1998).
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Chapter five
General Discussion
5.1. Basic colour terms
Colour naming data from a wide range of languages point to very consistent patterns 
of colour language evolution (Berlin and Kay, 1969; Kay, Berlin and Merrifield,
1991; Hardin and Maffi, 1997). The Berlin and Kay (1969 - B&K hereafter) theory 
and its subsequent versions predict the observed patterns of colour lexicons 
reasonably well (for criticisms see Lucy, 1997; Saunders and Van Brakel, 1997).
There does indeed seem to be universal constraints on where category foci can 
emerge across the colour spectrum. This is contrary to the relativist idea that colour 
spectrum is partitioned arbitrarily by each language (Gleason, 1961). Evidence also 
suggests that the consistent patterns shown by colour lexicons are paralleled 
behaviourally. Focal colours of the B&K hierarchy seem to be more perceptually 
salient and easier to remember than non-focal colours even by speakers of languages 
which do not encode such categories (Heider, 1971; Roberson, Davies and Davidoff 
2000). However, the question of whether such findings merely reflect biases in 
stimulus selection continues to be pertinent (Lucy and Schweder, 1979; Roberson, 
Davies and Davidoff, 2000). Attempts to account for the consistent patterns of colour 
term inventory findings in terms of primate physiological constraints have been made 
(Kay and McDaniel, 1978; Hardin and Maffi, 1997). However, such interpretations on 
the basis of the current physiological evidence are premature (Boynton, 1997).
The present thesis found evidence suggesting that one specific aspect of the 
Universalist theory needs further consideration. It was argued in Chapter two that the 
upper-limit of 11 BCTs allowed by the theory may be questioned on theoretical and 
empirical grounds. The Kay and McDaniel (1978) approach to the emergence of 
BCTs using the principles of fuzzy logic provides a framework for the emergence of 
colour categories in languages at different stages of‘colour term evolution’. The 
intersections and combinations of ‘fundamental neural response’ categories (FNRs)
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lead to the formation of derived categories from primary categories. However, this 
framework does not necessarily predict a maximum number of just 11 BCTs in a 
given language as generally accepted by the Universalist theoreticians (Hardin and 
Maffi, 1997). Certain intersections of FNRs are not ruled out by the theory. It has 
been argued that certain parts of the spectrum are named inconsistently using BCTs, 
and might be expected to be encoded by languages at later evolutionary stages 
(Zollinger, 1984; Boynton, 1997). If so, the specification by the theory of a fixed 
maximum number of BCTs might be questioned. It could be argued that a given 
colour lexicon could continue evolving in order to make finer distinctions between 
areas of colour space as the requirements for such distinctions increase. A language 
could be expected to make finer abstract distinctions as the need for communicating 
concepts increases (Kay, 1975). One could thus argue that B&K late-stage languages 
might differ in the number of BCTs they encode on the basis of specific ‘cultural 
needs’. If so, languages with more than 11 BCTs could have already evolved.
In chapter two evidence from earlier studies was reviewed suggesting that such 
‘irregularities’ in the blue-purple regions of some languages exist. The most 
compelling evidence however comes from a single language, Russian, which seems to 
have 12 BCTs, with two terms encoding the blue region. The present thesis provides 
further evidence suggesting that the blue region may be a likely location for further 
categorical distinctions. Two experiments using psychological salience and consensus 
measures following standard methods of colour term investigation (Davies and 
Corbett, 1995) found evidence that Turkish also encodes this region with two terms. 
The Turkish token of universal B L U E  is mavi ‘blue’. In addition, Turkish adults and 
children produce the term lacivert ‘dark blue’ in colour name lists as frequently as 
some of the other B&K universals like G R E Y  and O R A N G E , and considerably more 
frequently than non-basic terms like bordo ‘claret’. The colour-sample naming 
procedure used in the present thesis provided further support for the existence of a 
twelfth BCT in Turkish. One particular stimulus was named lacivert by over 90 per 
cent of the adult sample whose use of this term was shown to be at least as specific as 
other BCTs like siyah ‘black’, turuncu ‘orange’, and mor ‘purple’. Child colour 
naming also provided support for the basic status of lacivert but with a weaker claim 
as its use among children seemed less specific.
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One issue regarding the basic status of the Turkish and Russian extra blue terms is 
open to further investigation however: the B&K criterion of inclusion (the 
signification of a BCT is not included in that of another BCT). MacLaury (1997) 
argues that the two Russian blue terms present a similar case of inclusion and that 
only one (sinij ‘dark blue5) of them is basic. A preliminary study discussed in Chapter 
two suggested that the Turkish extra term lacivert ‘dark blue5 may also be included in 
mavi ‘blue5. However, it is also argued that the method of eliciting inclusion 
relationships between colour terms may be crucial, since simply asking ‘whether term 
A is a kind of B’ seems to result in comparable conclusions for universal BCTs r e d  
and P IN K . The use of reliable methods for establishing relationships of inclusion in 
future research may provide interesting insights.
The evidence that the present thesis puts forward nevertheless suggests that the 
maximum number of 11 BCTs proposed by B&K might be an ‘ethnocentric’ 
misconception. Although data from those languages that have been investigated so far 
seem to mainly support this maximum number, findings from Russian and the present 
thesis indicate a need to consider different interpretations. One likely possibility is 
that both Russian and Turkish are at (or near) a later stage of colour lexicon evolution 
than English, suggested by a higher level of abstraction. This in turn can be viewed as 
supporting weak Whorfian claims. Although universal constraints seem to exist on the 
loci of category foci, culture, rather than a universal upper-1 imit, might determine how 
elaborate a given language can become as it evolves.
5.2. Cross cultural influences on colour similarity space
The main claim of the Linguistic Relativity Hypothesis (LRH) is that the thought 
processes of an individual are not independent of his or her culture and language.
Thus, speakers of languages with different structural properties are expected to differ 
on corresponding non-linguistic cognitive indices. In this capacity, the findings from 
Turkish provided an opportunity to investigate possible behavioural differences 
between speakers of Turkish and English exploiting the linguistic difference discussed 
above.
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People’s ability to assess similarity is at the heart of theories of cognition (Goldstone, 
1999). Cognitive processes such as problem solving, inductive reasoning, memory 
retrieval, and most importantly for the present investigations, categorisation can be 
understood by investigating similarity between objects. Although criticisms exist of 
similarity as a concept too flexible to have explanatory power, researchers have 
argued that it is constrained enough to provide a “groundwork for cognition” (Medin, 
Goldstone, Gentner, 1993, Goldstone, Medin and Halberstadt, 1997). The role of 
similarity in categorisation is also considered to be fundamental: objects are grouped 
together because they are similar (Goldstone, 1994b). An implication of the prototype 
theory of categorisation is that similarities are reduced between non-prototypical 
(boundary) members and increased between those close to the prototype (Rosch, 
1975). Measures of similarity can be obtained by using direct measures such as 
similarity ratings (Goldstone, 1999).
The LRH would predict that the similarity space of speakers of languages differing in 
the way they partition colour space should differ correspondingly. Livingston et al 
(1998) show evidence of‘warping’ effects in the similarity space of subjects as a 
result of learning new perceptual categories. This is consistent with Whorfian 
predictions; learning to categorise objects in a certain way might result in 
corresponding changes in similarity space. Indeed, evidence suggests that linguistic 
differences are paralleled by boundary effects on colour similarity in line with the 
Livingston et al (1998) framework (Kay and Kempton, 1984; Roberson, Davies, and 
Davidoff, 2000). The present thesis provided further evidence for linguistic influences 
on colour similarity.
First, in a free classification task based on similarity, Turkish speakers were found to 
be less likely than English speakers to group together colours from the separate 
Turkish blue BCTs. They were also more likely to form exclusive groups of colours 
in this region simulating the categorical structure of the Turkish colour lexicon. These 
findings can be viewed as evidence that the two category foci have become 
perceptually salient as a result of linguistic emphasis on the distinction between light 
and dark blues. Consistent with this account, the fact that only a minority of English
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speakers showed such tendencies might be explained as a consequence of the reliable 
use of non-basic terms by a given individual. What makes a term basic is mainly that 
it is used consistently by the majority of the population. English speakers who are 
reluctant to associate light and dark blue colours may be those who use the term navy 
or indigo consistently to denote dark blue colours. Thus it seems possible that the 
strength of the claim of a colour term for basic status determines the strength of its 
effects on similarity space.
Second, the present thesis investigated linguistic effects using ratings as a more direct 
measure of similarity. It was found that Turkish speakers ‘stretched’ distances 
between colours in the blue region compared to English speakers. No such effect was 
found for the green region ratings. Further, stretching was evident in particular for 
judgements of colours from separate Turkish categories. Analyses pointed to a ‘cross­
category expansion’ interpretation as outlined by Livingston et al. (1998). These 
findings are consistent with Whorfian claims. English speakers are found to stretch 
differences around a category boundary compared to speakers of languages that do 
not encode such a boundary (Roberson, Davies and Davidoff, 2000; Kay and 
Kempton, 1984). Similarly, Turkish speakers stretch distances around the mavi- 
lacivert boundary compared to English speakers. Selectively attending to differences 
between colours particularly from separate categories in order to carry out accurate 
classification might bring about such an effect (Goldstone, 1994a).
These two studies both point to an effect of the Turkish distinction between light and 
dark blues on similarity; a process highly important in providing an understanding of 
perception and cognition (Medin, Goldstone, Gentner, 1993; Goldstone, 1994b). The 
results are also consistent with findings by Livingston et al (1998) demonstrating the 
emergence of categorisation-related ‘warping’ effects on similarity space in 
laboratory conditions. It is reasonable then that similarity might be affected by 
linguistic categorisation as suggested by the present findings. This argument is clearly 
consistent with the LRH.
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Colour categories also affect discrimination and memory. Pairs of colours that cross 
category boundaries are judged to be different faster and more accurately (Bornstein 
and Korda, 1984; Boynton et al., 1989; Roberson and Davidoff, 2000). Evidence 
concerning whether such effects are mediated by language is mixed. Setswana 
speakers do not display blue-green boundary effects on same-different judgements 
(Davies, Marley, Ozgen & Sowden, 1996). On the other hand, pre-verbal infants 
(four-month-olds) seem to have non-linear (categorical) discrimination functions for 
uniform scales of wavelength (Bornstein, Kessen, Weiskopf, 1976). However, when 
perceptually uniform scales (e.g. Munsell) are used infants do not seem to display hue 
category effects shown by adults (Gerhardstein etal., 1999). Further, evidence 
suggests that category boundaries stabilise significantly between the ages of three and 
four (Raskin, Maital, Bornstein, 1983). Thus there is reason to question the idea that 
category boundaries and their effects on discrimination and memory are fixed.
The implication of the Turkish similarity data presented here is that linguistic 
categories might influence colour similarity space as a result of learning to attend to 
differences between categories of colours selectively. If similarity can be seen as a 
“groundwork” for categorisation (Goldstone, 1994b), then colour discrimination and 
memory should also be susceptible to such learning-related influences. In fact, effects 
of categorisation on perceptual discrimination of visual stimuli can be induced in 
laboratory conditions (Goldstone, 1994a). Evidence presented in Chapter four of this 
thesis sheds further light on the issue. Boundary effects on same-different judgements 
of hue and lightness do not have to be hardwired, and can be induced through 
learning. Subjects who train to categorise stimuli over the course of around two days 
judge pairs of colours crossing experimental category boundaries to be different more 
accurately than those pairs that do not, or than subjects without the specific category 
learning experience. Further, training seems to reverse the effects of existing 
categories. Subjects started off with higher sensitivity to hue differences in the 
boundary areas of existing colour categories than those in the focal areas. This would 
be predicted by the prototype model of categorisation. After training however, 
sensitivity was differentially increased for the ‘previously-focal’ areas where the
5.3. Induced effects of categorisation
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experimental category boundary fell. Selective attention during training particularly to 
category relevant locations on the category-relevant stimulus dimension is the likely 
cause of such differential improvement. Furthermore, category effects were induced 
for lightness-based categories as well as hue. This is particularly relevant for the 
present thesis since it argues that such changes might have occurred for Turkish 
speakers along the lightness-based mavi-lacivert boundary.
Further evidence in support of plasticity of colour perception was found in the form of 
an overall improvement of judgements. Categorising two kinds of blue or two kinds 
of green resulted in an improvement in judging hue or lightness differences in that 
particular region on the whole. This becomes particularly interesting if we attempt to 
draw parallels between these findings and those from the Turkish-English similarity 
comparisons. A main effect of language sample on within and cross-category ratings 
revealed in Chapter three that Turkish speakers judge distances in the blue region to 
be greater on the whole than English speakers. It seems possible in the light of the 
present evidence that categorisation enables finer discrimination among the stimulus 
domain by stretching distances in similarity space. Goldstone (1994a) points out that 
while category-relevant locations along a dimension become important in 
categorisation so too might variation along the whole of the category-relevant 
dimension.
Interesting results are revealed by the present thesis concerning the dimensional 
structure of colour. It is generally accepted that colour stimuli are integral (Bums and 
Shepp, 1988). Dimensions of a stimulus that are integral can not be processed 
independently of each other (Garner, 1974; Lockhead, 1972). Goldstone (1994a) 
argues that if two dimensions are integral, category learning on the basis of one 
dimension should thus lead to discrimination improvement on both dimensions. The 
present thesis found evidence suggesting an asymmetrical relationship between hue 
and lightness. It seems that attending to lightness differences can be independent of 
hue variation, while the reverse is not true. That is, categorising on the basis of hue 
led to heightened sensitisation for hue and lightness, while lightness categorisation 
only caused sensitisation for lightness differences. This asymmetry between hue and
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lightness (as well as hue and saturation) is also reported in restricted classification 
tasks (Burns and Shepp, 1988).
At the very least, data from the category learning experiments are consistent with the 
idea that effects of categorisation might be acquired through experience. The results 
complement the findings of the cross-cultural investigation presented in this thesis, 
which suggested that similarity is affected by learning to categorise colours. It seems 
that category effects in colour discrimination and memory like those reported by 
Bornstein and Korda (1984) and Boynton et al. (1989) can also be induced through 
learning. The findings point to a consistent pattern. The effect of categorising colours 
seems to be an increased sensitivity to, or the ‘stretching’ of differences between them 
in perceptual space.
5.4. Is this really perceptual change?
The data presented here are not sufficient to conclude that genuine perceptual change 
is responsible for the Whorfian effects and for the induced category effects reported in 
chapter three and four. It was mentioned in the introduction that Kay and Kempton 
(1984) found linguistic effects on colour similarity consistent with Whorfian 
predictions. They found that English speakers’ triad choices indicated stretching of 
distances between cross-category pairs of colours compared to those by speakers of 
Tarahumara (no blue-green distinction). However, Kay and Kempton argue strongly 
that what is responsible for these effects has nothing to do with the perception and/or 
cognition of colour. They suggest that faced with a difficult judgement of similarity 
between closely spaced colour triads, subjects choose the easier option of deciding on 
the basis of which of the three stimuli has a different name. In fact, they provide 
evidence supporting this argument. In their second experiment, Kay and Kempton 
showed subjects only two colours of each triad at a time. One triad for example, 
consisted of colours A, B, and C, ranging from green (A) to blue (C), where subjects 
could see B, together with either A or C at the same time. Subjects were told that C 
was bluer than B, and A was greener than B. They were asked to report “which is 
bigger: the difference in greenness between the two chips on the left (A and B) or the 
difference in blueness between the two chips on the right (C and B)?” Kay and
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Kempton argue that this procedure would make it pointless for the subject to ask 
whether B was blue or green, since they already called it both blue (comparing with 
C) and green (comparing with A). Their results support their prediction. English 
speaking subjects no longer stretched distances for colours around the boundary.
One could similarly argue that the present findings might be the result of such a high- 
level strategy. Turkish speakers might have followed the logic of forming different 
groups for colours with different names rather than for those that look different. 
Similarly, they may have consciously used a strategy on the similarity-rating task of 
assigning greater distances between colours purely because they do not share a name. 
Further, induced effects of categorisation on same-different judgements of colour may 
be due to subjects attaching different labels to members of the separate trained 
categories, and keeping that label in their memory in the ISI. Roberson and Davidoff 
(2000) report that categorical perception of colours can be interfered with (eliminated) 
by using an articulatory suppression task to prevent rehearsal of verbal labels during 
the ISI in a 2AFC discrimination paradigm.
Some insight into the issue caft be obtained from the present data. Both the Turkish 
study and the category learning results revealed a consistent pattern. Judgements by 
Turkish speakers in the blue region indicated an overall main effect of language 
sample regardless of category relationship (within vs. across) of stimulus pairs. 
Similarly, analysis of category learners’ judgements showed a corresponding main 
effect. It was pointed out earlier in this chapter that Goldstone (1994a) predicts such 
sensitisation to variation along the whole of a stimulus dimension as well as to that in 
category-relevant regions of that dimension. If the present findings were just the 
product of conscious use of labels and names, mainly judgements of pairs of colours 
with different names should be affected. Further, the difference between stimuli 
sharing the same name or label might be expected to be compressed. There is no 
evidence of within-category compression in the present findings.
Goldstone and Lippa (1999) address this issue with an experiment designed explicitly 
to unravel the effects of category learning on internal object representation from 
strategic effects. They found that the perceived similarity of each of two same-
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category faces to a neutral (non-categorised) face become more similar to each other 
as a result of category learning. If face A and B are in the same category, and face E is 
not categorised, the similarity ratings between A and E become similar to those 
between B and E. Goldstone and Lippa (1999) argue that since the neutral face (E) 
was not categorised prior to the ratings, this finding can not be explained by a 
labelling strategy account. They propose that the common features of objects in the 
same category are emphasised which leads to their object descriptions 
(representations) to become more similar through categorisation.
Bornstein and Korda (1984) present evidence from a successive-presentation 
discrimination task with an ISI of 250ms using reaction time as their measure. They 
argue that cross-category judgements are faster because they are easier to process. 
They suggest that although the ‘pure visual’ input is sufficient to judge differences, 
‘category information’ results in speed gains. They conclude therefore that visual and 
categorical information are processed in parallel. Such additional aid in processing 
stimulus differences may underlie the effects reported in the present thesis. Goldstone 
(1994a) used a 33ms ISI in the test phase of his category learning experiments and 
concluded that the effects were on perceptual discrimination. Indeed, the effectiveness 
of attaching previously unavailable labels to stimuli in such a short time is 
questionable. Furthermore, Garner (1974) reviews findings that suggest that 
discrimination and memory are highly similar processes. He argues that in both cases 
the problem consists of encoding and comparison, where the latter is based on 
similarity.
The problem then is perhaps not whether category effects are simply down to 
consciously using or remembering names through verbal rehearsal but one that 
concerns a deeper question. To what extent do percepts and concepts interact?
5.5. Is perception flexible?
Garner (1974) agrees with Gibson’s (1966) distinction between two types of 
properties of a stimulus: energic properties and informational properties. He proposes 
that the informational properties of a stimulus are synonymous with stimulus
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structure, a system from the “point of view of the whole rather than any single part”. 
Stimulus structure consists of properties such as dimensional or categorical 
information. Gamer argues that stimulus energy results in the activation of a sense 
organ, while stimulus structure is relevant to perception. This distinction is not 
entirely different to that Bornstein and Korda (1984) draw between ‘pure visual’ 
input, and ‘categorical information’, as described above. Bruner (1957 in Pylyshyn, 
1999) proposed that perception is categorical and inferential, and that it is the “end 
product of a categorisation process”. According to this view, perception is a 
combination of inputs from the senses and from ‘cognitive’ processes such as 
knowledge, expectations, needs, etc. Findings consistent with this view exist in the 
literature (Pylyshyn, 1999).
An example of the interaction between concepts and the perception of hue is reported 
by Goldstone (1995). He asked subjects to simulate the hue of a symbol by adjusting 
that of an identical symbol presented simultaneously. Although the test shape 
appeared on its own, it was presented in a set of two categories of shapes (letters and 
numerals) which varied across a range of hues. Goldstone found that the hue of a 
symbol was underestimated or overestimated in the hue-matching task toward the 
dominant hue (more reddish or more violet) of its shape category. Further, this was 
not restricted to ‘pre-set’ categories like letter and numerals. When the stimulus sets 
consisted of shapes that formed two categories (polygons and conjoined lines) defined 
on the basis of the experimental context, systematic mistakes in hue estimates were 
made in a similar way. The hue judgement task did not require any shape-based 
categorisation. The process of categorisation that influenced hue perception was 
automatic.
Evidence for the penetrability of the low-level perceptual system can also be found in 
contrast-deteetion paradigms in psychophysics. Visual input is analysed at multiple 
spatial scales using separate filters tuned to specific frequency bands (De Valois & De 
Valois 1990, Marr, 1982). Evidence suggests that spatial filtering of the visual input 
can be selectively employed, depending on task demands. Observers are worse at 
detecting sinusoidal gratings when spatial frequency varies unpredictably than when it 
is the same across a block of trials (Davis and Graham, 1981). Such uncertainty
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effects are consistent with more recent findings suggesting that the use of spatial 
frequency processing channels can be selective and flexible depending on the 
categorisation task being performed (Schyns and Oliva, 1999).
Another way in which perception can interact with conception is through perceptual 
learning. Goldstone (1998) reviews literature suggesting that mechanisms such as 
attentional weighting, categorical perception, stimulus imprinting, differentiation, and 
unitisation can lead to perceptual change. In the light of such phenomena, an analogy 
is made for the interaction between perception and cognition that assumes perception 
to be less rigid than previously thought (Goldstone, Schyns, Medin, 1997). According 
to this view, rather than being a “foundation” which cognitive processes act upon, 
perception is viewed as a “bridge” in that it is flexible enough to ‘sway under the 
weight of cognitive processes’ (vehicles). For example, feature repertoires do not 
have to be fixed or finite; evidence suggests that functional, distinctive features can be 
created as a result of category learning (Schyns and Rodet, 1997; Schyns, Goldstone, 
Thibaut, 1998). Such findings are supported by computational models of category 
learning (Schyns and Rodet, 1997).
The question might then be asked whether perceptual change might be supported by 
neurophysiological flexibility. Zeki (1993) describes evidence from a number of 
studies that points to the plasticity of the brain (pp: 207-226). He argues that without 
such plasticity, organisms with rigid, hard-wired neuronal connections could only live 
in a world that is constant. Edelman (1987) formulates a theory of ‘nepral 
Darwinism’, applying Darwinian principles to the development of neurones. Edelman 
argues that “... the world is not a piece of tape and that the brain is not a computer. If 
we take such a position, we have to show how a behaving animal nevertheless 
adaptively matches its responses to unforeseen novelty occurring in such a world’ 
(Edelman, 1992: 82). He suggests that the individual anatomical diversity found at the 
“finest ramifications of neural networks” can only be explained with a selective 
system of neurones following rules of adaptation at developmental stages, rather than 
an instructive computer-like system. Livingston et al. (1998) point out that colour 
category boundaries remain plastic to some degree. They argue that “Given that 
brains can generate categorically perceived boundaries with dedicated neural
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structures, it is plausible that learning can reorganise less dedicated structures to 
generate similar categorical boundaries de novo during category learning’ 
(Livingston, Andrews and Harnad, 1998: 733).
Goldstone (1998) reviews evidence suggesting that perceptual learning may result in 
cortical change. For example, training to discriminate between sound frequencies 
leads to larger cortical representation for the familiar frequencies in monkeys 
(Recanzone et al 1993). There is also evidence suggesting that category learning may 
be supported by cortical plasticity. For example, using functional MRI Reber et al 
(1998) identified cortical areas correlated with category learning, showing significant 
increase or decrease in activity. They also found that as a result of category learning, 
activation in the visual cortex seemed to drop during the processing of categorical 
patterns, suggesting that such stimuli were processed rapidly and effortlessly as a 
result of prototype learning.
These examples point to the possibility that perception may be flexible enough to 
interact with cognitive processes, even though mechanisms of early vision may be 
impenetrable by cognition (Pylyshyn, 1999). It is possible that colour category effects 
of the kind under scrutiny here may be viewed as part of such an interactive process. 
This type of mechanism is consistent with the findings of the present study pointing to 
a learning explanation of the perceptual effects of language categories. Although it is 
not possible to completely rule out the idea that such effects may result merely from 
high level processes like ‘name strategies’ (Kay and Kempton, 1984), the evidence 
presented here requires further consideration of a relativist approach to colour 
perception and cognition.
5.6. Suggestions for future research
Cross-cultural research continues to be productive in relation to the issues 
investigated in this thesis. Accumulation of data like those reported by Roberson et al 
(2000) from language communities whose colour term inventories provide similar 
opportunities for testing the LRH predictions is likely to prove insightful. Colour- 
naming data from various languages (Kay, Berlin, Maffi and Merrifield, 1997) point
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to a need to obtain perceptual and cognitive measures such as those presented in this 
thesis in order to explore potential behavioural differences between speakers of 
different languages. We are currently involved in research with speakers of languages 
in Namibia, using measures such as visual search performance and triadic 
judgements.
Behavioural differences between Turkish and English reported here require further 
investigation. Discrimination of light and dark blue colours in a same-different task 
might provide more insight. Reaction time and accuracy measures obtained using this 
paradigm can be comparable to data reported by Bornstein and Korda (1984) and 
Boynton et al (1989). It is possible that Turkish speakers may judge differences faster 
and more accurately between blue colours crossing the boundary between the two 
Turkish categories than English speakers.
Another area of research that might contribute to the field, concerns colour naming 
and categorisation behaviour by children across different language communities. The 
age of acquisition of colour terms might show variability suggesting that cultural 
factors may have an effect on colour language development. Further, comparison of 
adults and children on behavioural measures such as visual search performance and 
triadic-judgements of similarity can reveal whether acquisition of colour terms has an 
effect on perceptual and cognitive processes.
Investigating acquired low and high level effects of categorisation on colour 
perception is likely to prove a productive line of research. Such effects could be 
explored using direct measures of discrimination such as detection of sinewave 
gratings composed of colour variation. Such a task would allow investigation of 
changes to just noticeable differences in colour variation, which might occur as a 
result of category learning. A category learning experiment, which uses a gratings- . 
detection measure, is currently being designed in our laboratory to explore such 
issues. Perceptual learning paradigms such as that reported by Ahissar and Hochstein 
(1993, 1997) can be used to investigate whether colour discrimination is flexible, and 
can improve through practice.
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Languages encode colour categories independently of each other following similar 
patterns, although a limitation to how many categories they can encode maximally 
seems at best to be premature. Further, part of the influence of colour categorisation 
on perception and cognition, such as focality effects, may be universal and not 
linguistically determined. However, some of the effects of colour categories on 
perception and cognition do not seem to be universal, but language-specific. A 
mechanism for this phenomenon can be inferred from category learning data. 
Sensitisation to differences between stimuli is likely to result from the process of 
categorisation. It is possible that the relationship between perception and cognition is 
somewhat more continuous than supposed by the Universalist position.
5.7. Conclusion
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Appendix I
CIE L* u* v* distances for equal Munsell hue steps
Experiment one in Chapter four found that same-different performance was not 
equivalent across pairs of colours with equal distances in Munsell hue index, when 
some pairs were close to the boundaries of existing categories (blue or green) while 
others fell in the centre of these categories (7.5B and 7.5G). Table 1 below shows 
distances in CIE L* u* v* uniform chromaticity space for each of these pairs. As 
described in Figures 4.3 and 4.4, pairs that were classified as ‘cross-category’ in 
Experiment one, consisted of colours chosen from the focal areas of existing 
categories, while pairs labelled ‘within-category’ are those further towards to 
boundary areas of existing categories.
It can be seen that CIE distances are smaller for a cross-category pair than for the two 
within-category pairs of the same lightness (‘Value’) level. On average, the blue 
region cross-category pairs have a CIE distance of 6.54, while mean CIE distance for 
within-category pairs is 7.28. The mean CIE distances for cross and within-category 
pairs in the green region are 6.76 and 7.83 respectively. CIE distances are smaller for 
pairs in the centre of existing categories than those towards the boundaries.
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Table I. CIE distances for hue pairs used by Experiment one in Chapter four. 
Each hue pair has a Munsell hue difference of 2.5. The top 12 rows show the 
blue region pairs, while the rest are in the green region. In each region, four 
different lightness levels (Munsell Value) were used.
Stimulus pair Categorical description 
in Exp. 1
CIE L* u* v* 
distance
3.75B -  6.25B at Value = 5.25 within 7.44
6.25B -  8.75B at Value = 5.25 across 6.15
8.75B -  1.25PB at Value = 5.25 within 6.33
3.75B -  6.25B at Value = 5.75 within 7.71
6.25B -  8.75B at Value = 5.75 across 6.45
8.75B- 1.25PB at Value = 5.75 within 6.65
3.75B -  6.25B at Value = 6.25 within 7.90
6.25B -  8.75B at Value = 6.25 across 6.69
8.75B -  1.25PB at Value = 6.25 within 6.94
3 .75B -  6.25B at Value = 6.75 within 8.00
6.25B -  8.75B at Value = 6.75 across 6.87
8.75B -  1.25PB at Value = 6.75 within 7.25
3.75G -  6.25G at Value = 5.25 within 8.29
6.25G -  8.75G at Value = 5.25 across 6.63
8.75G- 1.25BG at Value = 5.25 within 6.79
3.75G -  6.25G at Value = 5.75 within 8.69
6.25G -  8.75G at Value = 5.75 across 6.72
8.75G- 1.25BG at Value = 5.75 within 6.85
3.75G -  6.25G at Value = 6.25 within 9.03
6.25G -  8.75G at Value = 6.25 across 6.81
8.75G- 1.25BG at Value = 6.25 within 6.85
3.75G -  6.25G at Value = 6.75 within 9.31
6.25G -  8.75G at Value = 6.75 across 6.89
8.75G- 1.25BG at Value = 6.75 within 6.82
